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PROCEDURAL  TESTS  FOR  ANTI-G  PROTECTIVE  DEVICES 
VOLUME  II: 

G-SENSITIVITY  TESTS 


1.  ANTI-G  VALVE  FAILURES 

Two  lines  of  investigation  were  taken  to  develop  an  anti-gravity  valve 
(AGV)  failure  analysis  for  predicting  lifetime  expectations  and  reasons  for 
failure  of  respective  valves.  In  the  first  of  these  investigations,  histori¬ 
cal  anti-G  valve  failure  data  were  obtained  for  Analysis.  In  the  second, 
failures  were  Induced  in  functional  AGV's;  and  these  "failed"  valves  were 
tested.  Test  results  then  were  analyzed  using  the  GVALVPGM  (described  in 
Appendix  A) . 


1.1  Historical  Data 

Data  on  AGV  failure  were  sought.  Because  the  most  frequently 
used  valve  (i.e. ,  the  ALAR  8000  series— which  includes  the  8400A,  8000A,  and 
8000B)  is  considered  to  be  a  low-cost  (or  throw-away)  item,  only  two  reposi¬ 
tories  of  AGV  failure  data  were  found:  The  Naval  Aviation  Integrated  Logistics 
Support  Center  (NAILSC),  Naval  Air  Station,  Patuxent  River,  Maryland  20670;  and 
The  Department  of  the  Air  Force  Headquarters,  Air  Force  Logistics  Command, 
Wright-Patterson  AFB,  Ohio  45433. 


1,1.1  Limitations  of  the  Data 

The  data  available  through  NAILSC  were  most  pertinent  to 
this  study.  Because  a  major  overhaul  of  the  computer  programs  used  to  access 
this  data  repository  was  in  process,  however,  the  data  were  inaccessible  for 
the  period  of  thic  contract.  Any  followup  work  should  consider  this  NAILSC 
source. 

For  this  report,  the  data  were  provided  by  the  Wright-Patterson  Logistics 
Command,  and  were  more  limited  than  the  NAILSC  data.  The  limitations  of  the 
Wright-Patterson  AFB  data  are  as  follows: 

(a)  Data  were  available  on  only  two  valves,  the  ALAR  and  the  Bendix. 

(b)  Each  of  these  valves  was  used  in  only  one  type  of  aircraft — the 
ALAR  AGV  in  the  T-38,  and  the  Bendix  AGV  in  four  models  of  the  F-lll, 


EDITOR’S  NOTE:  Appendix  A  applies  to,  and  supplements,  Volumes  I  and  II. 

(Information  on  how  to  order  this  Appendix  appears  at  the  close  of 
each  volume.) 


(c)  Both  the  TV38  and  the  F-lll  are  low->G  aircraft.  No  data  are  avail¬ 
able  on  AGV  failures  in  high-G  aircraft, 

(d)  At  the  tine  of  the  study,  the  repository  contained  only  three  years 
of  monthly  data  (July  1974  -  June  1977), 

Ce)  The  failures  were  classified  in  such,  a  manner  that  neither  the  reasons 
for  failure  nor  the  time  of  failure  (whether  preflight  or  inflight)  could  be 
determined. 


The  original  data  used  in  the  following  analysis  were 
recorded  in  columns  headed:  (1)  month;  (2)  op  time  Cor  flight  hrs);  and 
(.3)  occurrences,  both  fail  (failures)  and  OTH/MAL.  (other  malfunctions). 

[NOTE:  These  raw  data  are  not  included  in  this  report.]  The  classifications 
under  occurrences,  failures,  other  malfunctions,  and  total  can  be  interpreted 
as  follows: 

1)  Failures  means  any  Type  1  HOW  MALFUNCTION  CODE — which  indicates 

that  the  item  can  no  longer  meet  the  minimum  specified  perform¬ 
ance  requirements  due  to  its  own  Internal  failure  pattern. 

2)  Other  Malfunctions  (OTH/MAL)  means  any  Type  2  HOW  MALFUNCTION  CODE— 

which  indicates  that  the  item  can  no  longer  meet  the  minimum 
specified  performance  requirements  due  to  some  induced  condition 
and  not  due  to  its  own  Internal  failure  pattern. 

3)  Total  included,  inexplicitly  in  the  total  for  this  column  along  with 

Failures  ai.d  OTH/MAL’ s  are  Type  6  HOW  MALFUNCTION  CODES— which 
indicate  that  maintenance  resources  were  extended  due  to  policy, 
modification,  location,  or  cannibalization,  and  no  defect  existed 
at  the  time  of  maintenance.  Because  Type  6  HOW  MALFUNCTION  CODES 
were  not  considered  pertinent  to  this  investigation,  they  wer 
not  included  in  the  report.  All  figures  of  Totals,  therefore, 
refer  to  the  sum  of  the  failures  and  OTH/MAL  columns  only.  For 
a  more  detailed  explanation  on  these  three  classifications,  the 
reader  is  referred  to: 

AFLC  Regulation  66-15 
23  August  1974 

Equipment  Maintenance/Product  Performance 
Ch  5  and  13 

1.1.3  Pertinent  Notes 

A.  In  general,  operating  time  (or  flight  hrs)  for  the  T-38 
is  approximately  18  times  that  for  the  F-lll. 

B.  Moisture  accumulation  on  the  internal  surface  of  a 
valve  can  affect  the  way  it  functions.  Therefore,  climate  conditions  of  the 
geographic  region  in  which  the  valve  is  used  may  be  of  importance. 

EDITOR'S  NOTE:  Available,  on  pp.  198-199,  is  a  selective  list  (plus  defi¬ 
nitions)  of  the  "Abbreviations,  Acronyms,  and  Symbols"  used 
throughout  this  volume. 


1. 2  Analysis  of  the  Historical  Failure  Data 

Due  to  the  United  nature  of  the  data  obtained,  the  following 
analysis  is  strictly  descriptive  of  the  data,  Sufficient  data  arc  not  yet, 
available  for  a  predictive  study. 

1.2*1  Description  of  Illustrations 

Two  types  of  descriptive  figures  are  presented  in  the 
following  pages.  In  the  first  sets  (Figs.  1  -  6) ,  scnematics  are  used  to 
reflect  the  distributions  of  the  five  data  sets,  their  means,  medians,  ranges, 
extremes,  etc.  [NOTE:  This  form  of  analysis  was  developed  by  J.  W.  Tukey  in 
Exploratory  Data  Analysis.  Addison-Wesley,  Reading,  Mass.,  July  1977.]  In 
each  of  these  figures,  the  five  sets  are  plotted  side  by  side,  so  that  com¬ 
parisons  can  be  readily  made.  In  Figures  1  -  3,  raw  counts,  or  the  numbers  of 
failures,  OTH/MAL's,  or  totals  are  presented.  The  mean  flight  hours,  shown 
below  each  of  the  box-and-whisker  plots,  are  an  important  part  of  these  figures. 
It  is  immediately  apparent  that  the  ALAR  valvo  performed  comparably  with  the 
Bendix,  even  though  the  ALAR  sustained  approximately  18  times  more  flight 
hours  per  month. 

In  Figures  4-6,  the  failures,  OTH/MAL's,  and  totals  per  1,000  flight 
hours  are  presented,  also  in  side-by-side  box-and-whisker  plots.  Again,  the 
ALAR  performance  was  much  more  reliable  than  the  Bendix.  On  the  right  side  of 
Figures  4-6  are  expansions  of  the  ALAR  failures,  OTH/MAL's,  or  totals  over 
10,000  flight  hours  (i.e.,  a  10-to-l  expansion),  to  give  the  reader  a  clearer 
indication  of  the  numbers  involved. 

The  conclusions  that  can  be  drawn  from  these  figures  are: 

a)  Over  the  same  number  of  flight  hours,  Bendix  malfunctions  and 
failures  are  relatively  consistent  in  the  four  F-lll  models. 

b)  The  ALAR  valve  is  approximately  10  times  more  reliable  than  the 
Bendix  in  terms  of  flight  hours  sustained  before  malfunction  or  failure. 

In  the  second  set  of  figures  (Figs.  7  -  21),  data  set  means  and  medians 
are  used  to  Indicate  monthly  variation  and  yearly  trend.  These  figures  are 
only  descriptive,  for  too  few  years  of  data  are  available  to  draw  conclusions 
about  monthly  or  yearly  patterns.  Several  important  facts  should  be  noted 
about  these  figures. 

a)  For  trend,  the  years  1974  and  1977  are  biased  toward  the  last  six 
uionths  and  the  first  six  months,  respectively. 

b)  The  bias  in  a)  may  carry  over  to  monthly  variation  if  the  years 
1974  and  1977  are  significantly  different. 

c)  The  Bendix  failures,  other  malfunctions,  and  totals  are  over 
1,030  flight  hours,  while  the  ALAR  figures  are  over  10,000  flight  hours. 

Again,  stress  is  placed  on  the  fact  that  these  figures  are  strictly 
descriptive  of  the  data.  No  conclusion  can  be  drawn  about  the  monthly  or 
yearly  patterns. 
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Figure  1.  Number  of  failures  for  Bendix  and  ALAR 

anti-G  valves  for  July  1974  to  June  1977. 
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Figure  2.  Number  of  OTH/MAL's  for  Eendix  and  ALaR 

anti-G  valves  for  July  1974  to  June  1977. 
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Figure  3.  Total  number  of  failures  and  OTH/MAL's  for  Bendix 
and  ALAR  anti-G  valves  for  July  1974  to  June  1977, 
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Figure  A.  Rate  of  occurrence  of  failures. 
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Figure  5.  of  occurrence  of  OTH/MAL's. 
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Figure  6.  Rate  of  occurrence  of  failures  and  OTH/MAL'b. 
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Figure  13.  Distribution  of  F-lll-E  failures  per  1000  flight  hrs. 


Distribut 


Distribution  of  F— 111— E  total  failures 


Median  Kean 


Figure  16.  Distribution  of  F-lll-F  failures  per  1000  flight  hrs 
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1.2.2  Suggestions  for  Future  Data  Collection  on  AGV  Failures 

Even  over  the  Halted  three-year  period,  the  following 
types  of  date  collected  on  the  anti-G  valves  could  have  generated  wore 
meaningful  information! 

a)  The  name  and  model  of  the  valve 

b)  Type  of  aircraft 

c)  Climate  conditions  and  G-strass  the  valve  sustained 

d)  Length  of  time  valve  was  in  service  (both  full-time  and  actual 
flight  hours) 

e)  Reason  for  failure  (as  specifically  as  possible) 

f)  Indication  of  a  preflight  or  inflight  failure 

g)  Data  from  all  (especially. .  high-performance)  aircraft. 


1.3  Induced  AGV  Failure  Analysis 

One  of  the  primary  objectives  of  the  PTAP  program  was  to  obtain 
information  on  AGV  failures.  To  supplement ' the  limited  data  available,  an 
engineering  evaluation  of  potential  failure  modes  on  selected  AGV's  was  under¬ 
taken.  This  study,  which  was  limited  to  failures  existing  in  the  valve 
before  preflight  testing,  concentrated  on  insidious  failures  which  might  not 
be  noted  on  preflight  tests. 

For  this  study,  the  selected  AGV  was  completely  disassembled  and  ar  'ngad 
sequentially  on  a  work  table.  Starting  at  the  inlet  port,  each  part  and  sub- 
assembly  was  examined  for  possible  failure  modes.  As  each  potential  failure 
was  identified,  it  was  listed,  along  with  the  expected  results  of  such  a  failure 
During  this  phase  of  the  evaluation,  potential  failures  were  listed  without 
regard  to  probability  of  occurrence,  or  to  the  fact  that  such  a  failure  would 
be  readily  apparent  on  preflight  examination,  or  to  the  fact  that  such  a  failure 
would  have  little  effect  on  AGV  performance.  Mo  double  failures  were  considered 
except  in  cases  where  one  failure  precipitated  another.  After  each  pert  and 
subassembly  of  the  valve  had  been  examined  and  all  failure  cases  listed,  each 
case  was  analysed  to  determine  the  relative  likelihood  or  practicality  of  such 
a  failure,  and  its  affect  on  function.  Failure  cases  which  ware  deemed 
Improbable,  or  which  had  slight  effect  on  valve  performance,  were  deleted  from 
the  list.  The  remaining  candidate  failure  cases  ware  than  examined  to  determine 
which  ones  would  be  immediately  apparent  to  the  pilot  during  the  preflight  check 
of  the  AGV,  end  which  failures  were  insidious  in  nature  and  would  probably  pass 
the  preflight  test,  but  would  result  in  degraded  performance  during  flight.  The 


failure  casts  which  would  bs  dstsctsd  on  ths  prsfllght  tost  wars  removed  from 
the  list.  Finally,  ths  remaining  casts  wars  examined  to  determine  if  a  way 
could  be  devised  to  simulate  this  failure  in  an  AGV  in  a  reversible  manner. 

The  final  list,  of  AGV  failures  which  were  to  be  candidates  for  testing, 
Included  only  those  failures  which  ware  believed  to  be  probably  degrading  to 
AGV  performanca,  not  readily  apparent  on  preflight  test,  and  producibla  in  the 
AGV  in  a  reversible  manner. 

The  teat  portion  of  this  study  was  accomplished  in  two  phases.  The  first 
phase  was  a  static  tast  of  tha  AGV  which  was  accomplished  by  inducing  the 
selected  failure  in  the  valve  and  tasting  by  use  of  the  prasa-to-test  button. 
During  this  phase,  data  were  recorded  only  on  oscillograph  charts  and  were 
analysed  by  Inspection.  Several  of  tha  candidate  failure  cases  yielded  results 
other  than  those  predicted  during  the  Initial  study  of  the  valve.  This  finding 
was  anticipated}  for  the  AGV  are  reasonably  complex,  and  all  of  the  Inter¬ 
active  effects  are  difficult  to  anticipate.  This  uncertainty  was  therefore 
one  of  the  primary  reasons  for  the  static  testing. 

The  second  phase  of  testing  was  the  performance  of  a  full  SVTP  on  those 
failure  cases  not  deleted  during  the  first  phase. 

The  results  of  the  study  and  the  first  phase  of  testing  ere  listed  on 
the  following  pages.  The  results  of  the  final  (SVTP)  phase  of  testing  are 
given  in  section  1.4. 


1.3.1  Failure  Analysis  of  Bendix  AGV  FR139A2 

A  Bendix  AGV  FR139A2  was  completely  disassembled  and 
minutely  examined.  The  function  of  each  individual  element  and  subsystem  was 
cataloged,  and  possible  failure  modes  were  listed.  A  total  of  28  failure 
modes  were  postulated  and  reviewed.  Where  any  doubt  existed  concerning  the 
effect  of  a  postulated  failure,  the  failure  was  simulated  and  statically 
tested.  Only  two  failures  were  judged  worthy  of  further  (SVTP)  investigation. 
[In  the  following  description,  the  item  numbers  in  brackets  refer  to  the 
part-identification  Key  to  Fig.  22.] 


1.3. 1.1  FR139A2  (Bendix  AGV)  Failure  Case  1 

Failure:  Mass  valve  seat  [Item  40]  leaking 

Result:  Reduced  AGV  function 

Simulation:  Scratch  valve  seat 

Discussion:  Research  on  the  Bendix  valve  failure 
history  revealed  that  one  common  failure  was  caused  by  the  mass  valve  seat 
[Item  40]  falling  out  of  the  valve  cover  body.  This  failure  makes  the  valve 
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entirely  Inoperative,  and  la  therefore  easily  dlecovered.  However,  since  a 
leaking  valve  east  My  be  a  cause  of  failure,  the  valve  seat  should  be  tested. 

In  order  to  slaulata  this  failure,  a  leak  rate  had  to  be  establiahad 
which  was  large  enough  to  degrade  AGV  performance,  but  would  not  render  the 
valve  Inoperative.  Since  the  Bendlx  AGV  design  la  such  that  a  constant, 
though  very  smII,  flow  Is  present  through  the  valve  when  the  system  le  at 
constant  pressure,  the  Initial  baseline  flow  rete  had  to  be  meeeured.  This 
measuring  was  accomplished  by  fabricating  a  set  of  weights  to  simulate  G 
forces,  and  by  measuring  the  flow  through  the  valve  at  various  G  loads  and 
source  pressures.  Once  the  baseline  flow  was  established,  the  valve  seat 
waa  "nicked"  with  a  fine  file,  and  flows  were  again  measured.  A  final  flow 
of  approximately  700  cc/mln,  or  about  twice  the  unmodified  flow  at  70-palg 
source  pressure,  was  established. 

The  valve  was  then  subjacted  to  the  SVTP,  and  results  are  listed  In 
section  1.4.1. 


1. 3.1.2  FR139A2  (Bandix  AGV)  Failure  Case  2 

Failure:  Orifice  or  screen  (Fig.  22:  Item  15) 
contaminated 

Result:  Increased  AGV  response  time 

Simulation:  Partially  block  orifice 

Discussion:  This  case  is  the  most  likely  and 
most  common  failure  In  this  AGV.  It  was  decided  that  this  failure  should  be 
thoroughly  tested  using  the  SVTP;  therefore,  static  tests  were  not  considered 
to  be  useful.  The  failure  was  simulated  by  Inserting  a  number  46  AWG  (American 
Wire  Gage)  wire,  of  0.0018  in.  diem.,  through  the  orifice  and  screen.  This 
wire  blocked  51.82  of  the  area  of  the  orifice.  Results  of  SVTP  testing  of  this 
failure  are  listed  in  section  1.4.2. 


1.3.2  Failure  Analysis  of  ALAR  AGV  8400A 

The  failure  analysis  of  the  ALAR  AGV  8400A  was  approached 
In  the  same  manner  as  that  of  the  Bendlx  AGV.  In  the  ALAR  AGV  case,  24  fellures 
were  postulated;  and  only  one  was  judged  worthy  of  SVTP  investigation. 


1.3. 2.1  840QA  (ALAR  AGV)  Failure  Case  1 

Failure:  Leaking  bellows  (Fig.  23:  Item  18) 

Result:  Exhaust  valve  control  of  suit  pressure 

Simulation:  Bellows  plugs  (Fig.  23:  Items  13, 

14,  end  15)  were  replaced  by  screw  with  small  hole  drilled  through  the  center. 
Failure  simulator  was  manufactured  with  the  same  physical  dimensions  as  Item  15. 


36 


qy-nnwya 


The  position  of  I tain  15  was  than  carafully  maaaurad  whan  tha  ballowa  aprlng 
[Item  16]  was  proparly  adjusted,  and  tha  failura  simulator  waa  poaltionad 
ldantlcally. 


Diacuaaiom  Undar  normal  operating  conditions, 
a  hola  In  tha  top  of  tha  ballowa  maintains  tha  interior  ballowa  praaaura 
Identical  to  tha  suit  praaaura.  With  a  laaking  ballowa,  tha  Intarlor  ballowa 
praaaura  mora  doaaly  rasamblad  tha  fir at- a tag a  ragulatlon  praaaura.  Two  con¬ 
ditions  raaultt  First,  tha  air  from  tha  first-ataga  regulator  blaada  through 
tha  ballowa  diractly  into  tha  suit  without  control.  Control  la  established 
by  tha  axhaust  valva.  Sacond,  tha  mass  [Itam  3]  must  ovarcoma  a  graatar  fores 
to  opan  tha  normal  sacond-ataga  ragulator  control ‘port  aaalad  by  Itam  19  (an 
"0"  ring) . 

Undar  normal  operating  conditions,  tha  force  generated  by  tha  action  of 
acceleration  on  tha  mass  must  ovarcoma  tha  force  of  two  springs  [T  terns  5  and 
16]  and  tha  natural  atiffnasa  of  tha  bellows.  In  this  failura  case,  It  must 
additionally  ovarcoma  tha  force  generated  by  tha  difference  In  praaaura  between 
flrat-staga  regulated  praaaura  and  suit  pressure  acting  across  an  area  equal  to 
the  top  of  the  bellows.  The  result  is  a  late  presaurlsatlon  start  on  the 
pressure-G  profile.  The  results  of  SVTP  testing  of  this  failure  mode  are  dis¬ 
cussed  in  section  1,4.3. 


1.4  Standardised  AGV  Test  Protocol  (SVTP)  Tasting  of  Failures 

Those  Induced  failures  judged  worthy  of  serious  consideration  were 
subjected  to  SVTP  testing  and  GVALVPGM  analysis.  In  the  absence  of  adequate 
data  on  failures  in  the  field,  the  failures  tested  were  derived  from  engineer¬ 
ing  evaluation.  They  were,  by  design,  "soft  failures"  (those  which  did  not 
render  the  valve  inoperative) .  Emphasis  was  placed  on  those  failures  which, 
in  addition,  might  not  be  detected  during  normal  preflight  checkout. 


1.4.1  SVTP  Test  of  Bandix  AGV  Failure  tfl 


Bendix  Failure  #1  is  especially  insidious  because  it  will 
pass  all  normally  prescribed  static  tests,  including  that  performed  after 
overhaul.  The  nature  of  the  failure  is  described,  in  detail,  in  section  1.3. 1.1. 
For  specific  comparisons  of  the  effect  of  this  failure,  all  graphs  and  tables 
in  this  section  may  be  compared  directly  to  those  in  section  5.2  of  PTAP 
Volume  I.  Comparison  of  the  total  performance  scores,  shown  on  line  33  of 
the  two  PET's  (l.e.,  200.3  for  the  failure  #1,  compared  with  a  normal  111.2), 
gives  a  quick  indication  of  the  effect  (PET,  Vol.  I,  Table  3s  and  PET,  Vol.  II, 
Table  1).  The  reader  is  reminded  that  the  lower  score  indicates  more  desirable 
operating  characteristics,  and  that  the  Ready  Pressure  Valve's  (RPV)  performance 
score  of  25.4  sets  the  standard  for  this  report. 


1.4. 1.1  Bendix  AGV  Failure  #1  Flow  Characteristics  (Figs.  24 
and"  2' t) - - 


Very  little  difference  exists  between  the  normal 
flow  characteristics  and  the  failure  flow  characteristics.  The  difference 
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TABLE  2.  KEY  TO  SYMBOLS  IN  FIGURES  24  TO  86 
[Symbols  are  shown  as  data  points 
on  the  curves .  See  footnote. ] 


1  -  0.1  G/SEC  G-ONSET  RATE 

2- 0.5  G/SEC  G-ONSET  RATE 

3- 1.0  G/SEC  G-ONSET  RATE 

4- 1.5  G/SEC  G-ONSET  RATE 

A  -  MAXIMUM  DESIGN  ANGLE 

D  -  MEDIUM  SOURCE  PRESSURE,  OR  DECREASING 
(WITH  RESPECT  TO  G) 

I  -  INCREASING  (WITH  RESPECT  TO  G)  OR  P-IDEAL 
(ACMS) 

N  f  MINIMUM  SOURCE  PRESSURE 
R  *  P-REAL  (ACMs  ONLY) 

X  -  MAXIMUM  SOURCE  PRESSURE 
*  -  r-REAL  LESS  P-IDEAL  OR  G-ONSET 


EDITOR'S  NOTE-:  Due  to  the  limitations  of  the 

technique  Initially  used,  these  symbols  are 
not  always  discernible  on  the  respective 
curves.  In  such  cases,  however,  the  symbols 
are  insignificant  as  compared  with  the  close 
relationship  obvious  between  the  curves  In 
each  figure. 


between  a  normal  7.147  (Vol.  I,  Tabla  3,  line  16)  and  8.297  (Vol.  II,  Tabla  1, 
line  16)  la  primarily  reflected  In  the  aource  pressure  Influence  scored  on 
lines  13  and  14.  The  same  effect  is  apparent  In  Figure  26  (Vol.  I)  of  the 
normal  case  and  Figure  24  (Vol.  II)  of  the  failed  case,  with  the  saturating 
median-source-pressure  open-flow  curve. 


1.4. 1.2  Bend  lx  AGV  Failure  #1:  Low-Onset-Rate  Charac¬ 
teristics  (Figs.  26  -  29) 

Approximately  60%  of  the  PET  performance  score 
difference  occurred  in  the  low-onset-rate  test,  and  the  majority  of  this  change 
occurred  on  line  17  (indicating  poor  linearity)  and  line  18  (indicating  a 
large  source  pressure  influence).  The  cause  of  these  high  (undesirable)  scores 
may  be  readily  seen  in  a  comparison  of  Figure  28  (Vol.  I)  and  Figure  26  (Vol.  II) 
The  inability  of  the  low  and  median  aource  pressures  Co  outrun  the  mass  valve 
leak  rate  (i.e.,  drive  the  output  pressure  above  3  psig  and  6  pslg,  respectively) 
degraded  both  linearity  and  source  pressure  response.  Lines  19  and  20  of  the 
PET  actually  improved  over  the  normal  valve  score.  The  saturated  pressures 
actually  reduced  the  3  sigma  of  the  data  (In  Fig.  27  of  Vol.  II  compared  to 
that  in  Fig.  29  of  Vol.  I),  and  the  hysteresis  (in  Fig.  29  of  Vol.  II,  compared 
to  that  in  Fig.  31  of  Vol.  I). 


1.4. 1.3  Bendix  AGV  Failure#!:  High-Onset-Rate  Charac¬ 
teristics  (Figs.  30  -  36) 

Approximately  20%  of  the  performance  degradation, 
reflected  in  the  PET  (Table  1),  occurs  in  lines  22  through  27.  The  failure 
case  scores  actually  improved  in  the  tests  for  3  sigma  (line  24) ,  hysteresis 
(line  25),  and  profile  lag  due  to  onset  rate  (line  26).  In  each  case,  saturated 
output  at' high-onset  rates  was  essentially  identical  to  the  low-onset-rate 
output.  However,  the  poorer  performance  shows  dramatically  on  lines  22  (doubled 
linearity  score)  and  23  (tripled  source-pressure  influence  score).  Figures  30-36 
graphically  represent  these  results. 

1.4. 1.4  Bendix  AGV  Failure  //I  SACM  Characteristics 
(Figs.  37  -  44) 

The  Simulated  Aerial  Combat  Maneuver  (SACM)  test 
is  almost  entirely  self-comparative.  Since  the  standard  for  comparison  is 
generated  in  the  earlier  tests,  even  very  poor  performance  may  score  reasonably 
well  if  it  is  consistent.  As  a  result,  only  17%  of  the  PET  score  degradation 
appears  in  this  section.  Figures  37  -  44  support  these  results. 


1.4.2  SVTP  Test  of  Bendix  AGV  Failure  » 2 

Bendix  Failure  #2  is  an  extremely  probable  failure. 

Probably,  the  weakest  link  in  the  Bendix  AGV  system  design  is  the  minute  ori¬ 
fice  which  supplies  pilot  pressure  to  the  regulator.  Even  though  multiple 
filters  were  used  during  SVTP  testing,  this  orifice  had  to  be  cleaned  frequently 
by  the  PTAP  crew.  The  exact  nature  of  the  induced  failure  is  described  in 
detail  in  section  1.3. 1.2.  For  specific  comparisons  of  the  effect  of  this 


Bendix  failure  #1:  0.1  G/ sec  suit  pressure  profile  as  a  function  of  source  pressure 

[Curves  are:  N,  D,  X,  and  A.  For  "Key."  refer  to  Table  2.1 


Bend lx  failure  #1:  0.1  G/sec  decreasing  suit  pressure  profile  as  a  function  of  source 
pressure.  [Curves  are:  N,  D,  X,  and  A.  For  "Key,”  refer  to  Table  2.} 


Eendix  failure  #1:  Suit  pressure  profile  comparison  as  a  function 
[Curves  are:  11.  41,  IT*,  and  4D.  For  ”Key,"  refer  to  Table  2.] 


Bendix  failure  #1:  Suit  pressure  profile  as  a  function  of  G— onset  rate 
[Curves  are:  1,  2,  3,  and  4.  For  "Key,"  refer  to  Table  2.] 


Bendix  failure  #1:  dP/dG  as  a  function  of  G-onset  rate 
[Curves  are:  1,  2,  3,  and  4.  For.  "Key,”  refer  to  Tabl< 
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Bendix  failure  #1:  SACM  suit  pressure  profile  comparison  with  minimum  source  pressure 
and  maximum  suit  volume.  [Curves  are:  R  and  I.  For  "Key,"  refer  to  Table  2.] 


T  l SECS) 

pressure  profile  comparison  with  median  source  pressure 
R  and  I.  For  "Key,"  refer  to  Table  2.1 


5 


failura,  til  graphs  and  ‘. »jlas  may  be  directly  compared  with  thoea  of  section  5.2 
in  Volume  I.  A  comparison  of  the  total  performance  scores  shown  on  line  33 
of  tha  two  PET’ a  (i.e.,  144.9  for  failura  #2,  Table  3  compared  to  a  normal  111.2, 
Fig.  3,  Vol.  I)  gives  a  quick  indication  of  tha  affect.  Tha  reader  ia  ; 
reminded  that  the  lover  score  indicates  the  more  desirable  operating  charac¬ 
teristics,  and  that  ths  RPV's  performance  score  of  25.4  sets  the  standard  for 
this  report. 

1.4. 2.1  Bandix  AGV  FAilura  #2  Flow  Characteristics 
(Figs.  45  -  46) 

Very  little  affect  of  the  failura  is  apparent  In 
the  How  characteristics,  as  evidenced  by  lines  12  through  16  of  Table  3  (cor¬ 
responding  to  Table  3,  Vol.  1),  and  the  open-flow  curves  in  Figures  45  and  46. 

1.4. 2. 2  Bendix  AGV  Failure  it 2  Low- Onset-Rate  Characteristics 

(Figs.  47  -  50)  ~ 

Examination  of  lines  17  through  21  of  Table  3 
indicates  Bendix  Failure  #2  exhibited  an  only  slightly  better  performance  than 
a  normally  operating  valve.  It  is  doubtful  this  improvement  is  real.  The 
reader  is  reminded  that  the  nature  of  this  failure  has  absolutely  no  effect 
in  static  situations.  The  pilot  ’’pressure"  is  not  restricted,  only  the  flow 
into  the  chamber  containing  that  pressure.  As  a  result,  the  52%  occlusion 
did  not  prevent  pilot  pressure  from  reaching  required  levels  on  the  0.1  G/sec 
profiles.  Figures  47-50  graphically  represent  these  results. 

1 . 4 . 2 . 3  Bendix  AGV  Failure  //3  High-Onset-Rate  Characteristics 
(Figs.  51  -"57 T 

The  majority  of  the  performance  decrement  (71% 
according  to  the  PET,  Table  3),  resulting  from  Bendix  Failure  #2,  occurs  in 
the  high  G-onset  tests.  The  reduced  rate  of  flow  into  the  pilot  pressure 
chamber  is  apparent  in  increasing  delays  as  the  onset  rate  increases  (Fig.  52). 
These  increasing  delays  naturally  affect  linearity  (line  22  of  the  PET)  and 
source  pressure  influence  (line  23  of  the  PET,  and  Fig.  54). 

1.4. 2. 4  Bendix  AGV  Failure  #2  SACM  Characteristics 
(Figs.  58  -  65) 

The  late  pressure  rise  characteristic  of  this 
failure  is  very  apparent  in  the  SACM  tests.  Approximately  32%  of  the  PET 
score  decrement  occurs  in  these  tests.  The  self-comparison  did  not  mask  this 
failure,  since  its  effect  was  not  apparent  at  low  G-onset  rates. 

1.4.3  SVTP  Testing  of  ALAR  AGV  Failure 

The  exact  nature  of  ALAR  Failure  is  described  in  detail  in 
section  1.3.2.  For  specific  comparisons  of  the  effect  of  this  failure:,  all 
graphs  and  tables  in  this  section  may  be  compared  directly  to  those  in  section  5.1 
of  Volume  I.  A  comparison  of  the  total  performance  scores  on  line  33  of  the 
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TABLE  3.  BENDIX  ASV  FAILURE  #2  PERFORMANCE  EVALUATION  TABLE 


TEST  STANDARDS: 


1. 

SPMIN 

*  40.  PSIG 

2. 

SPMID 

=  70.  PSIG 

3. 

SPMAX 

=  120.  PSIG 

4. 

THETA 

»  20.  DEGREES 

5. 

SVMIN 

«  6.  LITERS 

6. 

SVMID 

=  10.  LITERS 

7. 

SVMAX 

*  14.  LITERS 

CHARACTERISTIC  NUMBERS: 

8. 

XSPMX 

=  2.5000 

9. 

XSPMN 

=  1.3333 

10, 

XTHTA 

=  1.0000 

11. 

DESIGN,  TOTAL  l  4.833 

12. 

XFLBR 

*  3.668 

13. 

XDELF 

=  2.186 

14. 

XDOLF 

*  2.175 

15. 

XSIGF 

=  0.216 

16. 

FLOW  TOTAL:  8.245 

17. 

XCCP1 

=  2.520 

18. 

XD0P1 

=  2.594 

19. 

XSGP1 

*  1,771 

20. 

X0PP1 

=  2.431 

21. 

LOW-ONSET  TOTAL:  9.316 

22. 

XCCP2 

*  9.837 

23. 

XD0P2 

*  30.250 

24. 

XSGP2 

-  9.273 

25. 

XDPP2 

=  8.790 

26. 

XTDP2 

*  20.41*3 

27. 

HIGH-ONSET  TOTAL:  78.566 

28. 

XIOPA 

*  5.460 

29. 

XIDPB 

=  9.032 

30. 

XIOPC 

*  6.338 

31. 

XIDPD 

=  23.108 

32. 

SACM  TOTAL:  43.938 

33 .  VALVE:  BEND  I  TTKKm  #2  TOTAL:  144,898 
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Bendix  failure  #2:  flow  as  a  function  of  source  pressure 


Bendix  failure  #2  variation  (three  sigma)  in  flow  as  a  function  of  source  pressure. 
[Curves  are:  N,  D,  and  X.  For  "Key,"  refer  to  Table  2.] 


Bendix  failure  #2:  0.1  G/sec  suit  pressure  profile  as  a  function  of  source  pressure 

[Curves  are:  N, D,  X,  and  A.  For  "Key,"  refer  to  Table  2.] 


Bendix  failure  #2:  0.1  G/sec  suit  pressure  variation  as  a  function  of  source  pressure 

I Curves  are:  N,  D,  X,  and  A.  For  "Key,"  refer  to  Table  2.} 


Figure  49.  Bendix  failure  #2:  0.1  G/sec  decreasing  suit  pressure  profile  as  a  function  of  source 
pressure.  [Curves  are:  N,  D,  X,  and  A.  For  "Key,"  refer  to  Table  2.] 


pressure  profile  comparison  as  a  function 


Figure  52.  Bendlx  failure  #2:  suit  pressure  profile  as  a  function  of  G-onset  rate 
[Curves  are:  1,  2,  3,  and  4.  For  ’’Key,”  refer  to  Table  2.] 


igure  53.  Bendix  failure  #2:  dP/'d G  as  a  function  of  G-onset  rate. 

[Curves  are:  1,  2,  3,  and  4.  For  "Key,"  refer  to  Table  2 


Bendix  failure  #2:  1.5  G/ sec  suit  pressure  profile  as  a  function  of  source  pressure 

(Curves  are:  N,  D,  X,  and  A.  For  "Key,”  refer  to  Table  2.1 


GCZ) 

Figure  56.  Bendix  failure  #2:  -1.5  G/sec  decreasing  suit  pressure  profile  as  a  function  of  source 

pressure.  [Curves  are:  N,  D,  X,  and  A.  For  "Key,"  refer  to  Table  2.] 


Bend lx  failure  #2:  1.5  G/' sec  suit  pressure  hysteresis  as  a  function  of  source  pressure 


Fipure  58.  Bendix  failure  #2:  *  SACM  suit  pressure  profile  comparison  with  minimum  source 
and  maximum  suit  volume.  [Curves  are:  X  and  R.  For  "Key,”  refer  to  Table  2 


( “10301-  d 


Figure  62.  Bendix  failure  #2:  SACM  suit  pressure  profile  comparison  with  median  source  pressure 
and  suit  volume.  [Curves  are:  I  and  R.  For  "Key,"  refer  to  Table  2.] 
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total  performance  scores  on  line  33  of  the  PETs  (Vol.  1,  Table  2$  and  Vol.  II, 
Table  4)  Indicates  the  performance  decrement  is  not  too  serious.  The  value 
of  the  accompanying  curves  is  readily  apparent  in  this  case. 


1.4.3. 1 


The  decrement  in  open-flow  performance  accounts 
for  10%  of  the  PET  score  reduction.  The  leakage  flow  through  the  bellows  and 
the  very  late  initiation  of  pressurization  are  apparent  in  Figure  66.  The 
latter  characteristic  is  primarily  responsible  for  the  higher  (less  desirable) 
total  score  on  line  12  of  the  PET  (Table  4) . 


1.4. 3. 2  ALAR  AGV  Failure  #1  Low  G-Onset-Rate  Character is- 


ALAR  failure  (/I  resulted  in  a  very  slight,  but 
recognizable  improvement  in  low  G-onset  performance.  Apparently,  the  leakage 
induced  through  the  bellows  was  enough  to  fill  the  median-sized  anti-G  suit 
(AGS),  used  during  the  0.1  G/sec  onset-rate  tests.  During  normel  operation, 
the  mass  (Item  3,  Fig.  23,  section  1.3)  seals  the  exhaust  valve  (Item  10, 

Fig.  23)  at  1.4  to  1.5  g.  Normally,  pressurization  begins  considerably  later, 
as  the  acceleration  force  on  the  mass  opens  the  Inflation  valve  (Item  19, 

Fig.  23).  In  this  failure  case,  the  leakage  flow  fills  the  suit  much  earlier, 
forcing  exhaust-valve  control  cf  the  suit  pressure  at  all  times  (i.e.,  during 
both  ascending  and  descending  G  profiles).  The  result  is  some  Improvement  in 
linearity  and  a  significant  improvement  in  hysteresis  (Vol.  lit  Fig.  71;  and 
Vol.  I:  Fig.  10). 


ALAR  AGV  Failure  it  1  Flow  Characteristics 
(Figs.  66  -  67)  ~ 


1.4. 3.3  ALAR  AGV  Failure  til  High  G-Onset-Rate  Characteris¬ 
tics  (Figs.  72  -  78) 


The  high  G-onset-rate  performance  of  ALAR  failure 
#1  suffers  a  slight  overall  decrement  from  normal  operation.  The  late  turn-on 
is  very  apparent  in  Figure  73,  resulting  in  a  degraded  linearity  (line  22)  and 
onset-rate  influence  (line  26)  scores  op  the  PET  (Table  4) .  The  source-pressure 
influence  (line  23)  and  3  sigma  (line  24)  scores  in  Tcble  4  were  Improved 
because  of  the  concentration  of  activity  (and  error)  around  the  6-G  level. 


1.4. 3. 4 


Host  of  the  PET  score  degradation  occurs  on  the 
SACM  tests.  Since  the  ideal  pressures  are  derived  from  the  0.1  G/sec  tests, 
the  large  response  deadband  induced  by  this  failure  resulted  'n  a  vt  j  poor 
comparison.  Examination  of  Figures  79,  81,  83,  and  85  discloses  the  very 
good  descending-G  response  of  this  failure  and  tne  very  poor  ascendlng-G 
response. 


ALARAl,  Failure  //I  SACM  Characteristics 
(Figs.  79  -~86T  ' 


Figure  66.  ALAR  failure  #1:  flow  as  a  function,  of  soucce  pressure. 

[Curves  are:  N,  D,  and  X.  For  "Key,"  refer  to  Table  2.] 


Figure  68.  ALAR  failure  #1:  0.1  G/sec  suit  pressure  profile  as  a  function  of  source  pressure 

[Curves  are:  H,  D,  X,  and  A.  For  "Key,"  refer  to  Table  2.] 


Figure  69.  ALAR  failure  #1:  0.1  G/sec  suit  pressure  variation  as  a  function  of  source  pressure 

[Curves  are:  N,  D,  X,  and  A.  For  "Key,”  refer  to  Table  2.] 


Figure  72.  ALAR  failure  #1:  suit  pressure  profile  comparison  as  a  function  of  onset  rate 
[Curves  are:  II,  41,  ID,  and  4D.  For  "Key,"  refer  to  Table  2.] 


Of  Z) 

Figure  73.  ALAR  failure  #1:  suit  pressure  profile  as  a  function  of  G-onset  rate 
[Curves  are:  1,  2,  3,  and  4.  For  "Key,"  refer  to  Table  2.1 


Figure  74.  ALAR  failure  #1:  dP/dG  as  a  function  of  G-onset  rate. 

[Curves  are:  1,  2,  3,  and  4.  For  "Key,"  refer  to  Table  2.] 


Figure  75.  ALAR  failure  #1:  1.5  G/sec  suit  pressure  profile  as  a  function  of  source  pressure 

[Curves  are:  N,  D,  X,  and  A.  For  "Key,"  refer  to  Table  2.] 


Figure  77.  ALAR  failure  #1:  -1.5  G/ sec  decreasing  suit  pressure  profile  as  a  function  of  source 

pressure.  [Curves  are:  N,  D,  X,  and  A.  For  "Key,"  refer  to  Table  2.] 


Figure  78.  ALAR  failure  #1:  1.5  G/ sec  suit  pressure  hysteresis  as  a  function  of  source  pressure 

[Curves  are:  N,  D,  X,  and  A.  For  "Key,"  refer  to  Table  2.) 
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Figure  80.  ALAR  failure  #1:  suit  pressure  deviation  and  dG/dt  for  the  minimum  source  pressure 
maximum  suit  volume  SACM.  [Curves  are:  *.  For  "Key,"  refer  to  Table  2.] 


Figure  83.  ALAR  failure  #1:  SACK  suit  pressure  profile  comparison  with  median  source  pressure  and 
suit  volume.  [Curves  are:  I  and  R.  For  "Key,”  refer  to  Table  2.] 


T  (SECS) 

Figure  85.  ALAR  failure  If  1:  SACM  suit  pressure  profile  comparison  with  G  vector  misalinement 
[Curves  are:  1  and  R.  For  "Key,”  refer  to  Table  2.] 
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TABLE  4.  ALAR  A <3V  FAILURE  #  1  PERFORMANCE  EVALUATION  TABLE 


TEST  STANDARDS: 


1. 

SPMIN  = 

30.  PSIG 

2. 

SPMID  = 

125.  PSIG 

3. 

SPMAX  = 

300.  PSIG 

4. 

THETA  = 

20.  DEGREES 

5. 

SVMIN  = 

6.  LITERS 

6. 

SVMID  = 

10.  LITERS 

7. 

SVMAX  = 

14.  LITERS 

CHARACTERISTIC  NUMBERS: 

8.  XSPMX  »  l.OCOO 

9.  XSPMN  =  ] . OOOO 

10.  XTHTA  =  1.0000 

11.  DESIGN  TC 

12.  XFLBR  =  3.919 


XCCP1 


XCCP2 

XDDP2 

XSGP2 

XDPP2 

XTDP2 


8.575 


XDELF  =  2.029 
XDDLF  =  2.231 
XSIGF  =  0.39F 

FLOW  TQTAL:  8.575 
XCCP1  =  0.012 
XDDP1  =  0.896 
XSGP1  =  0.909 
XDPP1  =  0.651 

LOW-O  ISET  TOTAL:  2.468 
XCCP2  =  6.095 

XDDP2  =  2.128 

XSGP2  =  1.687 

XDPP2  =  4.449 
XTDP2  =  16.328 

HIGH-ONSET  TOTAL:  30.687 


XIDPA 

XIDPB 

XIDPC 

XIDPD 


=  6.670 
=  5.192 
«  6.361 

SACM  TOTAL:  21.946 

VALVE:  ALAR  FATUuRE  #1  TOTAL: 


66.676 


1.4.4  SVTP  Failure  Testing  Conclusions 

All  three  of  the  AGV  failures  tested  were  clearly  indicated 
on  the  PETs  (Tables  2,  3,  and  4)  and  supported  by  GVALVPGM  graphic  documentation. 
The  authors  agree  that  ie  system  is  somewhat  subjective,  and  could  probably  be 
improved  with  extended  study  (i.e.,  by  analyzing  the  results  from  a  much  larger 
number  of  valves) . 


SPECIFIC  EQUIPMENT  EVALUATIONS 


2. 


2.1  The  CWU-9/P  Undergarment  G-Bffects  Tests 

The  Item  under  test  was  a  two-piece,  quilted,  anti-exposure 
undergarment  designed  to  be  worn  under  a  flight  suit.  The  jacket,  designated 
the  "Liners,  Flyers,  CWU-9/P  Jacket,"  was  manufactured  by  Gibralter  Industries, 
Inc.  The  trousers,  designated  the  "Liners,  Flyers,  CVTU-9/P  Trousers,"  were 
manufactured  by  Lankford  Manufacturing  Company,  Inc.  Both  garments  were  of 
"medium"  size  and  were  labeled  in  accordance  with  MIL-L-27546C  (Naval  Publi¬ 
cations  and  Forms  Center,  5801  Tabor  Ave.,  Philadelphia,  Pa.  19120). 

The  purpose  of  these  tests  was  to  establish  the  relative  anti-G  suit  to 
skin  interface  force  difference  (if  any),  with  and  without  the  exposure  suit, 
over  a  spi  i  of  suit  pressures. 


2.1.1  Test  Instrumentation  and  Calibration 


For  these  tests,  a  0  to  30  psia  transducer  (Giannini 
model  451212-4)  was  used  to  monitor  anti-G  suit  pressure.  This  transducer 
was  calibrated  from  0  to  10  psig,  prior  to  each  work  shift,  using  the  pressure 
calibration  system  installed  in  the  USAFSAM/VNB  centrifuge  facility. 

The  transducers  used  to  monitor  anti-G  suit  to  mannequin  interface  force 
were  Houston  Scientific  Model  1200-15C  force  gages  especially  calibrated  for 
this  purpose  [Houston  Scientific  (the  HSI  Corporation),  4202  Directors  Row, 
Houston,  Tex.  77018].  These  force  buttons  were  calibrated  prior  to  each  work 
shift,  for  a  0-  to  10-lb  span,  using  a  lead  weight. 

All  data  from  these  tests  were  recorded  on  the  USAFSAM/VNB  Control-Room 
Brush-Chart  system.  Data  were  recorded  on  six  channels:  suit  pressure,  right 
thigh  force,  left  thigh  force,  right  calf  force,  left  calf  force,  and  abdominal 
force. 


Anti-G  suit  volumes  were  determined  using  the  "known  volume-pressure  drop 
system"  developed  by  Technology  Incorporated  for  this  purpose. 

All  tests  were  conducted  under  static  (1  Gz)  conditions;  for,  as  previously 
determined,  a  Gz  field  would  have  no  significant  influence  on  the  test  data  or 
validity.  Prior  to  each  test  series  (with,  or  without,  exposure  suit),  the 
suit  was  so  fitted  to. the  mannequin  that  the  suit  volume  was  ±7.7  liters,  to 
provide  uniformity  of  the  suit  fit  on  the  mannequin. 


2.1.2  Test  Methods 


The  teBt  subject  for  these  tests  was  a  Fiberglas  mannequin 
with  strain-gage-type  force  buttons  mounted  in  the  abdomen,  left  and  right 
thighs,  and  left  and  right  calves.  The  mannequin  was  fitted  with  a  CSU  13A/P 
"medium"  anti-G  suit,  and  the  suit  volume  adjusted  to  7.7  liters.  The  mannequin 
was  mounted  In  a  seat  and  the  suit  was  evacuated  with  a  mild  vacuum.  Suit 
pressure  was  then  slowly  increased,  in  1-psig  steps,  from  0  to  10  psig,  and 
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corresponding  force-gage  readings  were  recorded.  Two  more  sets  of  data,  taken 
in  this  configuration,  were  recorded  with  measurements  at  0,  5,  and  10  psig. 

The  anti-G  suit  was  removed  from  the  mannequlr  and  the  exposure  suit 
installed.  The  anti-G  suit  was  installed  over  the  exposure  suit  and  readjusted 
to  a  7.7  liter  fit.  A  set  of  data  identical  to  the  first  test  (without  expo¬ 
sure  suit)  were  recorded.  Three  separate  iterations  of  this  test  sequence 
were  made  to  establish  an  adequate  statistical  data  base. 


2.1.3  Dcta  Presentation 

The  data  from  the  foregoing  tests  were  taken  from  the  Brush 
charts  at  each  test  point  and  were  recorded  in  tabular  form.  These  data  are 
presented  in  Tables  5  -  10. 

The  minimum,  mean,  and  maximum  data  points  for  each  test  pressure  point 
were  calculated  and  normalized  for  each  force-button  location  (Figs.  87  -  91). 

2.1.4  Discussion  and  Conclusions 

The  data  in  Figures  87  -  91  show  graphically  the  results 
of  these  tests.  Previous  testing  by  this  contractor  has  shown  that  the  force 
buttons,  used  to  measure  interface  force,  exhibit  good  linearity  and  fair 
repeatability  from  one  run  to  the  next — as  long  as  the  suit  is  not  moved  on 
the  mannequin.  If,  however,  as  in  these  tests,  the  suit  is  removed  and  rein¬ 
stalled,  a  significant  change  results  in  the  pressure-force  data.  For  this 
reason,  several  runs  were  made  and  mean  values  used.  The  maximum  and  minimum 
data  points  for  each  test  pressure  are  also  shown  to  indicate  the  amount  of 
variation  in  data.  We  suspect  that  this  variation  is  caused  by  slight  dif¬ 
ferences  in  the  location  and  orientation  of  the  suit  bladders  to  the  force 
buttons.  Slightly  more  variation  appears  in  readings  when  the  exposure  suit 
is  installed  than  when  it  is  not.  This  variation  is  probably  due  to  the  tend¬ 
ency  of  the  suit  bladders  to  slip  more  on  the  surface  presented  by  the  exposure 
suit. 

Also,  the  force  buttons  seem  to  have  a  tendency  to  exhibit  a  slightly 
higher  force  when  the  exposure  suit  is  installed.  In  the  opinion  of  the 
investigating  team,  this  increase  is  a  product  of  the  measurement  technique 
and  does  not  predict  a  real  increase  in  force  on  a  human  subject.  We  suspect 
that  this  effect  is  caused  by  the  exposure  suit  forming  a  small  "tent"  over 
the  force  button,  which  protrudes  above  the  surface  of  the  mannequin  skin, 
presenting  a  slightly  larger  contact  area  to  the  suit  bladder.  This  judge¬ 
ment  is  empirically  based  on  results  of  previous  testing  with  these  force 
buttons.  Also,  the  mannequin  is  a  comparatively  rigid  body,  and  only  approxi¬ 
mates  the  condition  of  the  anti-G  suit  to  human  interface — facts  which  should 
be  considered  when  applying  the  results  of  these  tests  to  results  with  a 
human  subject. 

Lacking  clear  correlation  between  the  CWU-9/P  and  the  changes  in  suit 
to  mannequin  interface  force  in  these  tost  results,  we  concluded  that  the 
exposure  suit  had  no  significant  effect  on  anti-G  suit  performance. 


TABLE  5. 

FIRST  SET  OF 

RUNS  WITHOUT 

EXPOSURE 

SUIT 

RUN  Ps 

ABDOMEN 

LEFT 

Thigh  Calf 

RIGHT 

Thigh 

Calf 

1  0 

0 

0.18 

0.3 

0.2 

0.2 

1 

0.7 

0.8 

1.3 

1.0 

0.6 

2 

1.4 

1.55 

2.1 

1.8 

1.1 

3 

2.1 

2.3 

3.0 

2.6 

1.65 

4 

2.6 

2.95 

2.85 

3.3 

2.1 

5 

3.2 

3.6 

4.7 

4.0  / 

2.6 

6 

3.8 

4.3 

5.6 

4.8 

3.1 

7 

4.4 

5.0 

6.45 

5.5 

3.6 

8 

5.0 

5.8 

7.4 

6.2 

4.1 

9 

5.5 

6.4 

8.2 

6.8 

4.6 

10 

6.1 

7.1 

9.1 

7.5 

5.0 

2  0 

0 

0.1 

0.25 

0.15 

0.2 

5 

3.2 

3.6 

4.6 

4.15 

2.7 

10 

6.05 

7.05 

9.0 

7.65 

5.1 

3  0 

0 

0.05 

0.25 

0.15 

0.15 

5 

3.2 

3.7 

4.9 

4.2 

2.8 

10 

5.95 

6.85 

9.1 

7.55 

5.45 

P$  *  source  pressure 
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TABLE  6. 

SECOND  SET  OF 

RUNS  WITHOUT  EXPOSURE 

SUIT 

fs. 

ABDOMEN 

LEFT 

Thigh 

Calf 

RIGHT 

Thigh 

Calf 

0 

-0.05 

0 

0.15 

0.35 

1.1 

1 

0.6 

1.0 

1.1 

1.3 

1.8 

2 

1.3 

1.8 

1.95 

2.0 

2.45 

3 

1.9 

2.C 

2.9 

2.85 

3.2 

4 

2.5 

3.3 

3.7 

3.6 

3.9 

5 

3.1 

4.0 

4.6 

4.3 

4.6 

6 

3.6 

4.8 

5.5 

5.0 

5.3 

7 

4.2 

5.4 

6.35 

5.7 

5.95 

8 

4.8 

6.1 

7.2 

6.4 

6.6 

9 

5.35 

6.8 

8.0 

7.0 

7.3 

10 

5.95 

7.5 

8.85 

7.7 

7.95 

0 

-0.05 

0 

0.2 

0.35 

1.1 

5 

3.1 

3.95 

4.7 

4.2 

4.7 

10 

5.95 

7.45 

8.95 

7.6 

8.0 

0 

-0.05 

-0.05 

0.15 

0.35 

1.15 

5 

3.1 

4.0 

4.8 

4.3 

4.65 

10 

5.95 

7.45 

9.05 

7.6 

8.0 

113 


. ,  ^  L:J. _ A 


source  pressure 


TABLE  7.  THIRD  SET  OF  RUNS  WITHOUT  EXPOSURE  SUIT 


RUN 

Pi 

ABDOMEN 

LEFT 

Thioh 

Calf 

RIGHT 

Thlqh 

Calf 

1 

0 

0.05 

0.05 

0.15 

0.45 

0.45 

1 

0.8 

L05 

1.2 

1.55 

1.15 

2 

1.55 

1.9 

2.2 

2.5 

1.75 

3 

2.15 

2.7 

3.15 

3.2 

2.3 

4 

2.8 

3.5 

4.1 

4.1 

3.0 

5 

3.4 

4.2 

5.0 

4.95 

3.6 

6 

4.0 

5.0 

6.0 

5.7 

4.3 

7 

4.65 

5.75 

7.0 

6.6 

4.95 

8 

5.2 

6.5 

7.8 

7.25 

5.5 

9 

5.8 

7.15 

8.75 

8.0 

6.2 

10 

6.35 

7.8 

9.6 

8.7 

6.7 

2 

0 

0 

0.05 

0.2 

0.5 

0.5 

5 

3.3 

4.25 

5.1 

5.0 

3.7 

10 

6.3 

7.85 

9.55 

8.8 

6.7 

3 

0 

0 

0.05 

0.25 

0.5 

0.5 

5 

3.2 

4.2 

5.15 

5.05 

3.65 

10 

6.2 

7.8 

9.6 

8.8 

7.75 

Ps  =  source  pressure 


TABLE  8.  FIRST  SET  OF  RUNS  WITH  EXPOSURE  SUIT 


RUN 

£&. 

ABDOMEN 

LEFT 

Thigh 

Calf 

RIGHT 

Thiqh 

Calf 

1 

0 

0 

0 

0.15 

0.4 

0.9 

1 

0.7 

0.8 

1.2 

1.3 

1.4 

2 

1.3 

1.6 

2.3 

2.2 

2.0 

3 

2.0 

2.4 

3.3 

3.0 

2.6 

4 

2.6 

3.2 

4.4 

3.8 

3.2 

5 

3.2 

3.9 

5.3 

4.6 

3.8 

6 

3.8 

4.7 

6.35 

5.4 

4.4 

7 

4.3 

5.35 

7.25 

6.1 

4.95 

8 

4.9 

6.2 

8.3 

6.9 

5.5 

9 

5.5 

6.8 

9.2 

7.6 

6.2 

10 

6.0 

7.55 

10.1 

8.3 

6.6 

2 

0 

0 

0 

0.25 

0.4 

0.9 

5 

3.0 

3.85 

5.3 

4.6 

3.7 

10 

5.9 

7.55 

10.1 

8.3 

6.5 

3 

0 

0 

0 

0.25 

0.35 

0.95 

5 

3,1 

3.95 

5.4 

4.66 

3.8 

10 

5.9 

7.5 

10.1 

8.25 

6.35 

if  _ 

l  P$  =  source  pressure 
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TABLE  9.  SECOND  SET  OF  RUNS  WITH  EXPOSURE  SUIT 


RUN 

h. 

ABDOMEN 

LEFT 

Thigh 

Calf 

RIGHT 

Thigh 

Calf 

1 

0 

0 

0 

0.2 

0.35 

1.2 

1 

0.5 

1.0 

1.15 

1.4 

1.9 

2 

1.15 

1.85 

2.15 

2.4 

2.55 

3 

1.7 

2.6 

3.05 

3.25 

3.2 

4 

2.3 

3.6 

4.0 

4.15 

3.85 

5 

2.85 

4.1 

4.9 

4.9 

4.5 

6 

3.4 

4.85 

5.7 

5.7 

5. 1 

i 

3.95 

5.6 

6.7 

6.5 

6.7 

8 

4.6 

6.3 

7.45 

7.25 

6.3 

9 

5.0 

7.0 

8.35 

8.0 

6.85 

10 

5.6 

7.7 

9.2 

8.75 

7.4 

2 

0 

0 

0 

0.3 

0.4 

1.3 

5 

2.75 

4.0 

4.9 

5.0 

4.45 

10 

5.5 

7.6 

9.25 

8.8 

7.1 

3  0 

0 

0 

0.35 

0.4 

1.3 

5 

2.8 

4.1 

5.0 

5.05 

4.3 

10 

5.5 

7.7 

9.25 

8.85 

6.9 

Ps  =  source  pressure 
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TABLE  10.  THIRD  SET  OF  RUNS  WITH  EXPOSURE  SUIT 


fs. 

ABDOMEN 

LEFT 

Thigh 

Calf 

RIGHT 

Thigh 

Calf 

0 

0 

0.05 

0.25 

0.45 

0.95 

1 

0.85 

1.2 

1.2 

1.6 

1.3 

2 

1.6 

2.2 

2.0 

2.6 

1.65 

3 

2.4 

3.2 

3.0 

3.6 

2.0 

4 

3.1 

4.1 

4.0 

4.6 

2.3 

5 

3.9 

5.0 

4.85 

5.6 

2.6 

6 

4.5 

5.8 

5.75 

6.5 

2.85 

7 

5.3 

6.7 

6.5 

7.4 

3.15 

8 

6.0 

7.5 

7.4 

8.3 

3.4 

9 

6.5 

8.4 

8.3 

9.3 

3.65 

10 

7.35 

9.15 

9.15 

10.05 

3.8 

0 

0.1 

0.05 

0.35 

0.50 

1.15 

5 

3.75 

5.1 

4.8 

5.7 

2.55 

10 

7.2 

9.2 

9.5 

10.0 

3.7 

0 

0.05 

0.05 

0.4 

0.5 

1.0 

5 

3.8 

1  5.0 

4.9 

5.4 

2.55 

10 

7.35 

9.2 

9.2 

10. 1 

3.7 

source  pressure 


FORCE  (lbs) 


FORCE  (lbs) 


2.2  G-Sensltivlty  Evaluation  of  the  Statham  PM131TC  Pressure  Transducer 


The  purpose  of  this  test  was  to  quantify  the  acceleration  sensi¬ 
tivity  of  the  Statham  model  PM131TC  pressure  transducer  (Gould,  Inc.,  Measure¬ 
ment  Systems  Div.,  Oxnard,  Calif.).  Linearity  and  sensitivity  were  also 
evaluated. 


2.2.1  Test  Configuration  for  the  PM131TC  Pressure  Transducer 

All  tests  were  conducted  with  the  transducer  installed  in 
the  gondola  of  the  USAFSAM  human  centrifuge.  Pressure  stimulus  was  provided 
by  the  Datametrics  pressure  calibration  system,  installed  in  the  gondola 
[Datametrics  (a  subsidiary  of  ITE  Imperial  Corp.),  340  Fordham  Rd.,  Wilmington, 
Mass.  01887].  All  stimulus  pressures  were  maintained  at  the  stated  value, 

±0.02  psig.  Excitation  for  the  transducer  was  applied  through  the  centrifuge 
slip-rings  from  a  laboratory  power  supply  located  in  the  control  room  and 
maintained  at  +5.0  ±  0.02  VDC.  For  purposes  of  acceleration  testing,  the 
axes  of  the  transducer  were  defined  as:  +Z  with  the  pressure  port  vertical 
and  on  top  of  the  transducer,  +X  parallel  to  a  line  from  pin  4  to  pin  2,  and 
+Y  parallel  to  a  line  from  pin  3  to  pin  4.  The  PM131TC  was  so  mounted  in  the 
gondola  as  to  experience  the  same  acceleration  forces  as  the  gondola  accelerom¬ 
eter. 


2.2.2  Test  Protocol  of  the  PM131TC  Pressure  Transducer 


The  linearity  and  sensitivity  of  the  PM131TC  were  deter¬ 
mined  by  manually  recording  the  transducer's  response  to  stimulus  (in  1.0-psig 
steps)  from  0  to  20  psig,  both  ascending  and  descending.  The  acceleration 
sensitivity  was  determined  by  subjecting  the  transducer  to  three  ascending 
and  three  descending  0.1  G/sec  acceleration  profiles  from  1  to  11  G  along  each 
axis,  in  each  direction,  with  0-,  10-,  and  18-psig  stimulus  applied.  This 
protocol  resulted  in  108  recorded  acceleration  data  runs. 


2.2.3  Data-handling  Techniques  for  the  Performance  Evaluation 
of  the  PM131TC  Pressure  Transducer 

The  data  from  the  linearity  and  sensitivity  tests  were 
analyzed  using  a  TI59  hand  calculator.  First,  the  mean  and  hysteresis  were 
calculated,  in  1-psig  steps,  fcr  each  ascending  and  descending  pressure  pair. 
The  maximum  hysteresis  in  all  six  sets  of  data  was  determined  in  1-psig  steps. 
Finally,  a  62-point  (the  63rd  point  was  lost)  linear  regression  was  run  of  the 
ascending  and  descending  means  first  calculated. 

Data  from  the  G-sensitivity  tests  were  recorded  on  analog  magnetic  tape, 
converted  to  digital  data  in  the  USAFSAM/BRP  analog  laboratory.  The  digitized 
data  was  then  processed  through  the  BRP  digital  facilities.  All  data  in  each 
set  (for  three  ascending  and  three  descending  runs,  testing  a  particular  axis 
sensitivity  at  a  particular  pressure  stimulus)  were  normalized  to  the  mean  of 
all  1-G  data.  The  mean  and  the  ±3o  points  for  all  higher  G  levels  in  that  set 
were  then  calculated  and  plotted  (Figs.  92  -  109).  In  each  case,  the  abscissa 
represents  the  acceleration  level,  while  the  ordinate  represents  the  deviation 
in  equivalent  psig  from  the  1-G  output  of  the  transducer. 
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Figure  97.  Acceleration  influence  on  the  -X  axis  of  the  PM131TC-3644  transducer  with  O-psig  stimulus. 


Figure  98.  Acceleration  influence  on  the  +Z  axis  of  the  PM131TC-3644  transducer  with  10-psig 
stimulus. 
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Figure  100.  Acceleration  influence  on  the  +Y  Axis  of  the  PM131TC-3644  transducer  with  10-psig 
stimulus. 
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Figure  101.  Acceleration  influence  on  the  -Y  axis  of  the  PM131TC-3644  transducer  with  10-psig 
stimulus. 
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Figure  105.  Acceleration  influence  on  the  -Z  axis  of  the  PKL31TC-3644  transducer  with  18-psig 
stimulus. 
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Figure  106.  Acceleration  influence  on  the  +Y  axis  of  the  PM131TC-3644  transducer  with  18-psig 
stimulus. 
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-X  axis  of  the  PKL31TC-3644  transducer  with  18-psig 


2,2,4  Performance  Evaluation  of  the  PM131TC  Pressure  Transducer 


responds  as: 


The  PM131TC  (serial  no.  3644),  using  5.00  VDC  excitation. 


E  -  0.9415  P  +  0.6458, 

where  E  is  the  output  voltage  in  millivolts,  and  P  is  the  pressure  stimulus  in 
pounds  per  square  inch.  The  maximum  hysteresis  was  0.04  mV  at  6  psig,  consti¬ 
tuting  0.13%  of  full  scale.  The  maximum  deviation  from  the  least  squares 
straight  line  through  the  data  was  found  at  the  same  point  and  was  0.06%  of 
full  scale. 

The  only  axis  indicating  any  significant  acceleration  sensitivity  was 
the  Z  axis,  with  up  to  1%  of  fr  L-scale  (i.e.,  up  to  0.2  psig)  error  occurring 
(i.e.,  a  maximum  of  0.1%/G,  or  0.02  psig/G).  The  -X  axis  and  +Y  axis  show 
inconsistent  tendencies  to  respond  to  acceleration  but  at  lower  levels.  Since 
these  errors,  at  10  G,  are  on  the  order  of  ten  times  the  apparent  accuracy  of 
the  transducer,  the  investigator  is  cautioned  to  consider  their  effect  on  his 
data. 


2.3  Ready  Pressure  AGV  Mannequin  Test 

The  performance  of  the  ready  pressure  valve  (RPV)  has  been  tested 
and  analyzed  by  SVTP  and  GVALVPGM  (refer  to  Vol  I,  section  5.4).  The  obvious 
extension  of  that  analysis  is  to  investigate  the  application  of  the  protective 
pressure  at  the  equipment-subject  interface. 

That  interface  was  simulated  using  a  CSU-13A/P  anti-G  suit  on  a  Fiberglas 
mannequin.  The  transfer  of  protective  pressure  was  monitored,  using  four  force 
gages  located  on  the  abdomen,  left  thigh,  right  thigh,  and  right  calf. 


2.3.1  RPV  Mannequin  Test  Protocol 

The  RPV  mannequin  (RPM)  test  was  conducted  in  four  phases 
on  the  USAFSAM  human  centrifuge.  During  each  phase,  a  CSU-13A/P  AGS  was 
mounted  on  a  Fiberglas  dummy  which  was  equipped  with  surface  force  gages. 

These  force  gages  were  on  the  abdomen,  left  thigh,  right  thigh,  and  right 
calf.  The  mannequin  was  mounted  in  an  upright  seat  in  the  centrifuge  gon¬ 
dola.  (The  instrumentation  configurations  and  calibration  are  essentially 
described  in  Vol.  I,  section  3;  and  in  Vol.  II,  section  2.1.) 

Phase  I  generated  the  ideal  (I)  or  control  case  which  served  as  a  base¬ 
line  for  detecting  change  in  performance.  In  this  phase,  the  valve-suit- 
mannequin  system  was  subjected  to  three  trapezoidal  Cl  3/ sec  G  profiles.  The 

source  pressure  to  the  AGV  during  this  phase  was  125  psig. 

Phase  II  generates  the  median  (D)  data  set,  using  a  valve  source  pressure 
of  125  psig,  and  a  set  of  three  1.5  G/sec  (High  G)  trapezoidal  G  profiles  (i.e. 
a  linear  increasing  G  profile  followed  by  a  linear  decreasing  G  profile). 

Phase  II  generates  the  maximum  (X)  data  set,  using  300  psig  for  valve 
source  pressure  and  a  High  G  profile  set. 
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Phase  IV  generates  the  minimum  (N)  data  set,  using  30-.ps.ig  source  pres¬ 
sure  with  the  High  G  profiles. 

2.3.2  Description  of  the  RPV  Mannequin  Test  Data 

Analog  data  recorded  at  the  USAFSAM/VNB  centrifuge  facility 
is  converted  to  digital  data,  using  the  USAFSAM/BRP  analog-to-digital  support 
facility.  The  digitized  data,  recorded  on  magnetic  tape,  serves  as  a  data 
base  for  the  RPM  program.  The  0.1  G/sec  onset  data  (group  I)  is  digitized  at 
20  samples/sec,  thus  giving  approximately  2,000  samples  for  one  Increasing  or 
decreasing  low-G-onset  data  set.  The  1.5  G/sec  onset  data  (groups  D,  X,  and 
N)  are  digitized  at  80  samples/sec,  which  gives  approximately  500  samples  for 
one  increasing  or  decreasing  high-G-onset  data  set. 

The  six  channels  of  data  digitized  and  processed  by  the  RPM  program  are: 

a)  acceleration; 

b)  suit  pressure; 

c)  abdomen  force; 

d)  left  thigh  force; 

e)  left  calf  force;  and 

f)  right  thigh  force. 

The  data  sets  collected  consisted  of: 

a)  five  sets  of  data,  collected  as  calibration  (CAL)  runs;  those 
CAL  runs  pertinent  to  this  study  are: 

Run  1 — acceleration  at  1  G,  suit  pressure  at  0  psig,  and 
the  four  force-gage  channels  at  C  psi; 

Run  2 — acceleration  at  10  G  and  suit  pressure  at  10  psig; 
and 

Run  5 — the  four  force-gage  channels  at  9  psi; 

b)  a  total  of  six  data  sets,  collected  on  each  of  the  four  test 
cases  listed  in  section  2.3.1 — three  on  the  increasing  slope  of  the  trapezoidal 
profile,  interspaced  with  three  sets  collected  on  the  decreasing  slopes.  Prior 
to  digitizing  the  test  data  set,  the  CAL  runs  were  digitized  at  the  sampling 

*  rate  required  by  the  G-onset  rate  used  in  the  particular  test  case.  In  all 

*  test  cases,  data  were  collected  at  G-intervals  of:  1  -  11  G  (increasing),  and 
11  -  1  G  (decreasing).  The  G  intervals  used  in  the  RPM  program  are:  1  -  10  G 
(increasing) ,  and  10  -  1  G  (decreasing) . 
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2.3.3  Data  Analysis 


The  computer  program  designed  to  analyze  these  data  is 
designated  the  "RPM  Program."  It  assumes  the  first  sets  will  be  the  CAL  runs, 
and  reduces  them  j  an  arithmetic  mean  and  a  standard  deviation.  The  standard 
deviation  is  checked  for  excessive  variance  (a  value  of  greater  than  2.5333). 
If  excessive  variance  is  found  in  the  CAL  runs,  the  following  data  are  con¬ 
sidered  invalid  and  new  data  are  required  for  further  processing.  Otherwise, 
RPM  begins  data  procesf  ng. 

Then,  each  test  data  set  is  calibrated  using  the  means  reduced  from  the 
CAL  runs,  and  is  assigned  -he  values  of  the  standards  stimulating  that  channel 
on  that  run.  The  formulas  utilized  in  data  calibration  are: 

Gl  -  (RH-RL) / (CH-CL) 

G2  -  RH  -  (Gl)  x  (CH). 

Then,  the  calibrated  value  ■  Gl  x  (digitized  value)  +  G2, 
where  RH  «  real  high, 

RL  *  real  low, 

CH  *»  actuax  calibrated  high,  and 
CL  =  actual  calibrated  low. 


Values  used  for  normalizing  the  force  gage  channels  to  the  suit  pressure 
channel  are  then  calculated.  These  values  are  taken  directly  from  the  cali¬ 
brated  data  sets,  according  to  the  following  formulas  on  each  test  data  set: 


N0RM1  «  N  -  Low  norm  value 
Li 


sum  of  first  val  of  3  incr  G  runs 
3 


N0RM2  ■  N  =  High  norm  val 
n 


sum  of  first  val  of  3  deer  G  runs 
3 


The  remainder  of  the  RPM  Program  works  with  data  points  selected  from 
the  calibrated  data  sets.  From  each  channel,  of  each  run,  for  each  whole  G 
value  (i.e.,  1,  2,...,  10),  a  mean  is  calculated  for  digitized  data  within  the 
3pan  G  ±  0.05.  These  mean  values  are  then  entered  into  an  array  designated 
the  "H"  array. 

Each  column  pair  (i.e.,  the  ascending  and  descending  partners  in  a  trape¬ 
zoidal  profile)  of  the  H  array  is  normalized  according  to  the  formula: 

tti  -  (Fi  -  FI)  (Nh  -  NL)/(FN  -  Fr>  -  Nl, 

in  which 

Ci  -  corrected  array  element  value, 

Fi  “  original  array  element  value, 
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*  the  first  array  element  in  the  ascending  column  (corresponds  in 
tine  to  N^) , 

Fn  ■  the  last  array  element  in  the  descending  column  (corresponds  in 

time  to  N  ) , 

H 

N  ■  iow  normalization  value  (as  already  explained),  and 
L 

N„  »  high  normalization  value  (as  already  explained), 
n 

At  this  point,  one  full  (calibrated  and  normalized)  test  case  lias  been 
stored  in  the  holding  array  (H)  in  such  a  manner  that  the  number  of  values 
around  each  G-level  is  known.  An  arithmetic  mean  is  calculated  for  each  of 
six  runs  at  each  G-level  and  stored  in  the  "A"  array  This  A  array  Is  dimen¬ 
sioned  A(10,5,8)  or  A(G-level,  data  channel,  table),  where  data  channels  1  to 
5  are:  1 — suit  pressure;  2 — abdomen  force;  3 — left  thigh  force;  4 — left  calf  force; 
and  5 — right  thigh  force.  [NOTE:  Information  from  the  original  channel  1 
(acceleration)  is  contained  in  the  gravity-level  dimension  of  this  array.] 

The  eight  tables  of  the  A  array  are  filled  so  that: 

a)  Test  Case  I  yields  Tables  1  and  2, 

b)  Test  Case  D  yields  Tables  3  and  4, 

c)  Test  Case  X  yields  Tables  5  and  6,  and 

d)  Test  Case  N  yields  Tables  7  and  8. 

The  odd-numbered  tables  will  contain  increasing  run  data,  and  the  even-numbered 
tables  will  contain  decreasing  run  data.  Each  table  of  the  A  array  contains 
the  sum  of  the  C  averages  about  each  G  level  (1  -  10,  and  10  -  1)  for  three 
runs.  [NOTE:  each  test  case  is  made  up  of  three  runs  increasing,  and  three 
runs  decreasing. ]  The  cells  of  the  A  array  are  now  divided  by  three  to  give 
the  average  pressure  for  the  three  runs  they  (the  cells)  represent. 

Since  the  first  test  case  is  considered  to  be  the  optimal  case,  the  com¬ 
parison  of  the  suit  pressure  and  the  four  bladders,  in  test  cases  D,  X,  and  N 
to  test  case  I,  is  of  special  interest.  Therefore,  an  R  array  is  set  up  such 
that  the  various  tables  (6  in  all)  hold  the  residuals  from  the  optimal  case 
(or  test  ca-  I) . 


2.3.4  Data  Presentation 

The  output  of  the  RPM  Program  consists  of  10  tables  and 
10  graphs.  Tables  11  -  15  contain  the  reduced  data  (from  the  program's  A  array) 
for  the  suit  pressure  and  the  four  force  gages.  The  columns  represent  the 
test  conditions,  while  the  rows  represent  the  discrete  G-levels  at  which  the 
data  were  averaged.  Figures  110  -  114  (graphic  representations  of  Tables  8  - 
12,  respectively)  permit  easier  visual  interpretation  of  what  is  really  happen¬ 
ing  across  the  four  test  cases. 


TABLE  17.  RPV  MANNEQUIN  TEST  SUIT  PRESSURE  RESPONSE  (PSIG) 
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TABLE  12.  RPV  MANNEQUIN  TEST  ABDOMINAL  FORCE  RESPONSE  (PSI) 
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LEGEND: 

I--Test  Case  1  (Optimal) 


Figure  111.  FPV  annequin  test  abdominal  force  response  for  four  test  cases 


RPV  MANNEQUIN  TEST  LEFT  THIGH  FORCE  RESPONSE  (PSIJ 


Figure  112.  RPV  mannequin  test  left  thigh  force  response  for  four  test  cases 


TABLE  14.  RPV  MANNEQUIN  TEST  LEFT  CALF  FORCE  RESPONSE  (PSI) 
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0.708  0.739  0.718  0.702 


MANNEQUIN  TEST  RIGHT  THIGH  FORCE  RESPONSE  (PSI) 


0.483  0.411  0.455  0.482 


Tables  16  -  20  contain  colimns  showing  the  residuals  (from  the  program's 
R  array) ,  from  the  optimal  test  case  I,  for  each  of  the  less  than  optimal  test 
cases  (D,  X,  and  N) ;  and  Figures  116  -  119  are,  again,  plots  of  the  correspond¬ 
ing  tables.  The  residual  plots,  which  permit  easier  v'isual  interpretation, 
are  actually  expansions  of  the  response  differences  in  Tables  11  -  15  and 
Figures  110  -  114. 


2.3.5  RPV  Mannequin  Test  Conclusions 

Reviewing  Figures  110  -  114  yields  an  excellent  overview 
of  the  RPV  performance.  The  tables  are  presented  for  examination,  in  which 
more  subtle  characteristics  may  be  found. 

The  residual  plots  probably  overstate  their  case.  In  no  case  does  a 
pressurization  lag  exceed  0.75  psig.  That  maximum  occurs  in  the  abdominal 
bladder  and  corresponds  to  a  0.5  psig  lag  in  suit  pressure.  The  apparent 
tendency  of  the  AGS  to  maintain  pressure  on  the  mannequin  is  obvious  when 
Figures  116  -  119  are  compared  with  Figure  115.  This  "mechanical"  response 
was  noted  and  discussed  in  detail  on  the  preceding  contract  Crefer  to  SAM-TR- 
78-12:  TEHG,  Vol.  Ill:  Anti-G  Suits). 


2.4  ALAR  "High  Flow"  and  "Special"  Examinations 

Two  design  modifications  to  the  ALAR  8400A  AGV  were  tentatively 
tested  by  the  staff  of  USAFSAM/VNB.  These  modifications  have  been  designated 
the  "High  Flow"  and  the  "Special."  The  PTAP  examination  of  these  valves  had 
three  phases:  First,  the  mechanical  differences  between  the  two  modified 
valves  and  a  standard  8400A  were  cataloged.  Second,  the  open-flow  capacity 
of  the  two  modified  valves  was  measured.  Third,  the  effect  of  spring  shim 
thickness  on  first-stage  regulator  output  pressure  was  examined. 


2.4.1  Desiga  Modifications 

The  design  modifications  associated  with  the  "High  Flow" 
and  the  "Special"  are  summarized  in  Table.  21.  The  "item  numbers"  references 
in  that  table  may  be  correlated  with  those  in  Figure  23,  section  1.3. 

The  modification  to  the  bellows  assembly  [Item  18]  increases  the  flow 
capacity  between  the  first-  and  second-stage  regulators.  The  modification  to 
the  bellows  seat  (item  21]  increases  the  flow  capacity  out  of  the  second  stage 
to  the  suit.  The  additional  holes  in  the  second-stage  body  [Item  23]  increase 
the  flow  capacity  to  the  suit.  The  shims  [Item  28]  increase  the  first-stage 
regulator  output  pressure,  thus  Increasing  flow  capacity  of  the  second  stage. 
The  enlarged  spool  assembly  [Item  29]  and  spool  seats  litem  34]  increase  the 
flow  capacity  of  the  first  s^age  end  increase  the  first-stage  regulating 
surface.  The  additional  holes  in  the  main  body  litem  46]  increase  the  flow 
capacity  between  the  first-  and  second-stage  regulators.  The  ventilated 
spaces  Increase  the  exhaust  flow  capacity  of  the  valve. 
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2.4,2  Open-flow  Capacity  of  ’’High  Flow” 


The  open-flow  capacity  of  each  of  the  valves  was  statically 
tested  using  the  pr  iss-to- test  button.  In  each  case,  the  button  was  manually 
depressed  to  the  mechanical  limit  of  its  travel.  The  results  are  shown  in 
Table  22.  The  "Special"  provides  11%,  44%,  and  44%  flow  increases  over  the 
"High  Flow"  for  source  pressures  (Ps)  of  30,  125,  and  300  psig,  respectively. 

Recalling  that  the  major  differences  between  the  "Special"  and  "High 
Flow"  are  the  shims  [Item  28]  and  bellows  seat  [Item  21],  the  effects  of  these 
modifications  were  examined.  In  the  30-psig  tests,  no  significant  changes 
were  detected.  In  the  125-psig  and  300-psig  test3,  the  first-stage  regulator 
shim  [Item  28]  produced  slightly  more  than  half  the  increased  flow  capacity. 


2.4.3  First-stage  Regulator  Shim  Effect 

In  order  to  optimize  the  first-stage  regulator  performance, 
an  ALAR  8400A  was  modified  to  allow  measurement  of  the  first  stage  regulation 
pressure.  The  effects  of  various  shim  thicknesses  were  measured  under  static 
conditions  (Table  23).  All  tests  were  run  using  125-psig  source  pressure. 

Spot  checks  were  made  using  30  psig  and  300  psig,  with  no  noticeable  changes., 


2.5  Accelerometer  Calibration 


The  primary  objective  of  this  effort  was  to  define  a  procedure 
for  calibration  of  the  accelerometers  used  on  the  USAFSAM/VNB  human  centrifuge. 
The  initial  approach  was  to  define  the  acceleration  environment  experienced 
by  the  gondola  accelerometer,  allowing  its  calibration  in  place.  This  approach 
became  prohibitively  complicated.  An  alternate  approach  is  presented  here 
which  removes  the  accelerometer  to  a  location  for  which  the  acceleration 
environment  is  easily  defined. 


2.5.1  Gondola  Acceleration  Environment 

The  resultant  acceleration  through  any  specified  point  is 
the  vector  sum  of  all  acceleration  vectors  through  that  point.  In  the  case 
of  the  USAFSAM  human  centrifuge,  an  adequate  assumption  is  that  (for  most  pur¬ 
poses)  the  acceleration  vectors  in  the  gondola  are  limited  to  the  acceleration 
of  gravity  (g)  and  the  centrifugal  acceleration  (a)  generated  by  the  rotation 
of  the  system.  These  two  vectors  may  be  considered  perpendicular,  with 
negligible  error,  and  the  resultant  through  any  point  defined  by  a  vector  of 
magnitude 

|a|  =  /  a2  +  g2, 

located  in  a  plane,  defined  by  the  vectors  a  and  g,  at  an  angle 

0  =  tan-'*'  g/a 

from  £.  Using  this  definition,  9  also  approximates  the  roll  angle  of  the 
gondola. 


TABLE  16.  RPV  MANNEQUIN  TEST  SUIT  PRESSURE  RESIDUALS  (PSIG) 


roa^ror~~*t«3-*}-.— ir-'CO 

OON«n«f  «NOO 

oooooooooo 

I  I  I  I  I  I  I 


OlOHODOOONOOrt 
t  Lft  «— I  l-»  <— t  lO  CM  CvJ  CO 
•^-OroCMf-tOOOO 

ooooooooo 

I  I  I  1  I  1  I 


HMt'JOJNO^NOW 
OOtf  COMOntflOlfO 

oon«tnin<f  noo 

oooooooooo 

I  I  I  I  I  I  I  1 


Hd-HWOHfflWN 

mo<?  n  oj  vd  n  o  cc 

•3-OcmCM-hOOOC: 

ooooooooo 

I  I  I  I  I  I  I 


to^NOcOkdncoc^ 

innwoiHOOOCT 

OHmnMiniflnON 

OOOOOOOOOO 
I  I  I  I  I  I  I  I 


wniOHNHHoin 

o  co  io  m  in  n  r-i  co 
wotvjfortoooo 

ooooooooo 

I  I  I  ■  I  I 


i-ttMf’IrfLOlONCC  EDO 


Off'CONlDU1^-('!NH 


-n.063  -0.065  -0.060 


TABLE  17.  RPV  MANNEQUIN  i EST  ABDOMINAL  FORCE  RESIDUALS  (PSI) 
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Figure  116.  PvPV  mannequin  test  abdominal  force  residuals. 


TABLE  13.  RPV  MANNEQUIN  TEST  LEFT  THIGH  FORCE  RESIDUALS  (PSI) 


OiHMrj-tnuntntvjo 

oooooooooo 

■  I  I  I  I  I  I  I 


CM*— ir-^U3C>CVJVOC\JOO 

n  awONonon 

ooooooooo 


CrvCMUTU3COCNJCMLn«3-C0 
CVJ  M  CO  *- 1  C-  (O  00  fC  <t  o 

ooooooooo"  o* 

I  I  >  I  I  I  I  I 


ooioincoauDMrfi-i 
NiOIy1O'M-IDC0\Oih 
<3-  rtOOCMnnrm 

OOOOOOOOO 


invoivoraoOrtiMoin 

00*-‘OO>C-lf)r-(C0l^CM 

o *^  <310  mo  io  if  h  o 
OOOOOOOOOO 

■  I  I  I  I  I  I  I 


>3-  cc  c  kc  cm  cr.  co 
CMCO*- 

>£>— iOO*-<(\JCM(NJCSJ 

OOOOOOOOO 


iHrMCl^luikOC.CDCnO 


Otna)^(cin<3n(\jH 


0.034  0.036  C.04F 


est  Case 
est  Case 


TABLE  19.  RPV  MANNEQUIN  TEST  LEFT  CALF  FORCE  RESIDUALS  (PSI) 
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TABLE  20.  RPV  MANNEQUIN  TEST  RIGHT  THIGH  FORCE  RESIDUALS  (PSI) 
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Figure  119.  RPV  mannequin  test  right  thigh  force  residuals. 


vent  holes  mounted 
between  main  body 
assembly  [46]  and 
weight  [2] 


TABLE  23.  ALAR  8400A  FIRST-STAGE  REGULATOR  SHIM  EFFECT 


241  125.0  (source 

pressure) 


The  magnitude  of  the  centrifugal  acceleration  vector  is  commonly 
defined  as 

2 

a  «  to  R, 

where  to  equals  the  angular  velocity  of  the  system  in  rad/sec,  and  R  equals 
the  radius  of  rotation  (in  some  convenient  dimension)  of  the  specified  point. 

The  determination  of  R  makes  prohibitively  complex  the  expression  describing 
the  acceleration  environment  of  the  accelerometer  in  the  gondola. 

The  accelerometer  is  normally  located  on  the  forward  wall  of  the  gondola, 
at  a  position  which  approximates  the  elevation  of  a  subject's  heart  from  the 
gondola  floor.  This  position  places  the  accelerometer  approximately  10-47/64  ± 
1/64  in.  (27.265  ±  0.040  cm)  above  the  center  of  rotation  of  the  gondola.  The 
accelerometer  is  approximately  20  ft  2-17/64  in.  ±  3/64  in.  (6.15355  m  ±  0.0012  m) 
from  the  centrifuge  center  of  rotation  when  the  system  is  at  rest.  The  obvious 
change  (shortening)  in  radius  as  the  gondola  rotates  would,  if  not  accounted  for, 
introduce  an  error  of  unacceptable  magnitude.  Therefore,  the  rotation  of  the 
gondola  must  be  predicted;  and,  at  this  point,  the  theoretical  expression 
became  unmanageable. 

Obviously,  a  significant  acceleration  gradient  exists  in  the  gondola  due 
to  the  differences  in  radii  of  rotation  of  the  various  locations.  A  subject's 
feet  may  experience  at  least  10%  more  acceleration  than  his  head!  The  physical 
structure,  equipment,  and  instrumentation  experience  an  even  larger  gradient 
due  to  their  wider  distribution. 

At  this  point,  the  difference  between  the  center  of  mass  and  the  center 
of  gravity  must  be  considered.  These  two  points  only  coincide  in  a  uniform 
acceleration  field.  In  the  case  of  the  gondola,  this  field  occurs  only  when 
the  gondola  is  at  rest.  When  an  acceleration  gradient  is  applied  to  the  sys¬ 
tem,  the  gondola  will  rotate  to  aline  the  center  of  gravity  and  the  axis  of 
rotation.  The  center  of  gravity  can  (and  in  bhe  case  of  the  gondola,  does) 
move  a  considerable  distance  from  the  center  of  mass.  Furthermore,  this 
movement  is  not  perpendicular  to  the  gondola  floor  and  through  the  centerline 
of  gondola  rotation.  Empirical  data  indicate  errors  in  excess  of  4°  between 
actual  and  theoretical  roll  angles.  These  errors  can  result  in  as  much  as  20% 
error  in  acceleration  reading  (although  usually  the  resulting  errors  are  much 
smaller)  for  low-G  levels.  At  this  point,  attempts  to  calibrate  an  accelerometer, 
theoretically  or  empirically,  in  the  gondola  were  abandoned. 


2.5.2  Dynamic  Calibration 

Two  means  of  transducer  calibration  are  available.  Both 
techniques  involve  rotating  the  transducer  so  that  the  sensitive  axis  is  per¬ 
pendicular  to  the  natural  G  vector,  and  adjusting  the  variable  resistor  marked 
"Z"  for  a  zero  output  from  the  transducer. 

Coarse  adjustment  of  the  "S"  (span)  control  on  the  transducer  may  be 
accomplished  by  alining  the  sensitive  axis  of  the  transducer  with  the  G  field 
and  adjusting  "S"  for  the  proper  response.  The  acceleration  of  gravity  for 
the  USAFSAM  human  centrifuge  was  calculated,  using  Helmert's  equation,  an 
assumed  altitude  of  594  ft,  and  a  latitude  of  29°20'30"  (longitude  is 
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approximately  98°26'30").  This  estimated  value  is  979>2l4  cm/sec'  (32.126  ft/ 
sec2,  or  0.9985  G)  compared  to  a  standard  of  980.665  cm/sec2  (32.174  ft/sec2, 
or  1.0  G) . 

Greater  resolution  may  be  obtained  by  Installing  the  accelerometer  in  a 
special  bracket,  manufactured  by  the  PTAP  crew,  which  locates  the  sensitive 
axis  of  the  accelerometer  13  ft  9  in.  ±  0.1  in.  (419.10  ±  0.25  cm)  from  the 
center  of  rotation  (CR).  In  this  case,  the  "S"  and  "Z"  controls  may  be 
adjusted  to  respond  according  to  Table  24,  using  the  rotational  speed  of  the 
system  as  a  standard.  Estimated  error  of  this  approach  is  0.149%. 


2.6  Continuous  ECG  Recordings  in  Primates 


2.6.1  Objective 

The  purpose  of  this  investigative  effort  was  to  examine 
some  of  the.  problems  VNB  has  experienced  while  performing  long-term  (6  months) 
ECG  monitoring  in  animals.  This  portion  of  the  report  covers  two  areas:  first, 
a  discussion  of  various  types  of  percutaneous  lead  devices;  and  second,  a 
discussion  of  silver  and  silver- silver  chloride  electrodes.  Recommendations 
are  made  and  methods  are  suggested  in  both  areas. 


2.6.2  ECG  From  Chronically  Implanted  Electrodes 

Using  chronically  implanted  electrodes  for  ECG  eliminates 
many  of  the  problems  associated  with  conventional  surface  electrodes;  namely, 
daily  skin  preparation,  electrode  attachment,  impedance  variations,  and  elec¬ 
trode  impedance  measurements.  Most  importantly,  consistent  repeatable  ECG 
measurements  can  be  obtained.  With  implanted  electrodes,  the  most  difficult 
problem,  of  course,  is  the  data  recovery  method — which  is  limited  to  telemetry 
or  "'ard  wire.  Telemetry  has  several  distinct  disadvantages  for  long-term 
(6  ~onths)  monitoring.  The  first  disadvantage  is  that  the.  power  consumption 
for  transmitting  the  data  over  long  periods  necessitates  using  rechargeable 
batteries  and  a  convenient  method  of  recharging.  A  power  loop  transmitter 
placed  over  the  skin  apod  an  inductive  coil  placed  beneath  the  skin,  with 
associated  circujLfcry"  for  charging  the  device  (6,9),  adds  immensely  to  the 
volume  and  complexity  of  the  circuit  to  be  implanted.  The  second  disadvantage 
is  the  surgical  implantation  of  the  telemetry/power-supply  device,  which  is 
certainly  more  extensive  and  traumatic  than  the  implantation  of  subcutaneous 
electrodes.  Since  the  ECG  is  the  only  anticipated  parameter  to  be  measured  in 
the  near  future,  it  is  advisable  to  keep  the  surgical  procedures  at  a  minimum 
and  to  continue  using  a  hard-wire  system. 


A.  Percutaneous  Leads:  Using  a  hard-wire  system,  the 
problem  now  becomes  one  of  finding  a  biologically  inert  feed-through,  and 


EDITOR'S  NOTE:  For  the  convenience  of  the  reader,  the  author  has  included 
"References,”  No.  1-18  (section  2.6.5),  which  pertain  specifically 
to  the  material  in  section  2.6. 
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TABLE  24,  ACCELEROMETER  CALIBRATION  VALUES  FOR  LOCATION 
13  FT  9  IN.  ±  0.1  IN.  (419.10  ±  0.25  CM)  FROM 
THE  CENTER  OF  ROTATION 


Centrifugal 


Angular 


Acceleration  Velocity 

(G) _ (ft/sec2) _ (ra^/sec) _ (rpro 


0 

0 

0 

0 

1 

32.174 

1.530 

14.607 

2 

64.348 

2.163 

20.658 

3 

96.522 

2.649 

25.301 

4 

128.696 

3.059 

29.215 

5 

160.870 

3.420 

32.663 

6 

193.044 

3.747 

35.781 

7 

225.218 

4.047 

38.648 

8 

257.392 

4.327 

41.316 

9 

289.566 

4.589 

43.822 

10 

321.740 

4.837 

46.193 

11 

353.914 

5.073 

48.447 

12 

386.088 

5.299 

50.601 

13 

418.262 

5.515 

52.668 

14 

450,436 

5.724 

54.656 

15 

482.610 

5.924 

56.574 

16 

514.784 

6.119 

58.430 

17 

546.958 

6.307 

60.228 

18 

579.132 

6.490 

61.974 

19 

611.306 

6.668 

63.672 

20 

643.480 

6.841 

65.326 

maintaining  the  percutaneous  lead  system.  Given  that  cne  has  a  biologically 
inert  material,  the  development  of  infection  due  to  rejection  has  been  mini¬ 
mized;  but  disruption  of  the  skin  outlet  interface  may  occur,  due  to  mechani¬ 
cal  stress  applied  to  the  leads,  thus  causing  drainage.  Chronic  infectious 
drainage  can  cause  the  infection  process  to  follow  the  leads  deep  into  the 
animal,  causing  death  or  local  necrosis,  and  disrupting  the  percutaneous 
leads  (13). 

In  the  development  of  a  biologically  inert  percutaneous  lead  system, 
various  types  of  materials  have  been  used,  including  Teflon,  silicone,  velour, 
epoxies,  titanium,  and  pure  carbon  (1-3,  13-18).  Of  these  materials,  pure  car¬ 
bon  and  velour  seem  to  be  best  suited  for  a  natural  ingrowth  of  subcutaneous 
tissue  and  the  formation  of  a  bacteria-proof  barrier. 

The  velour  technique,  which  is  presently  being  used  by  VNB,  is  usually 
a  matter  of  securing  the  velour  fabric  around  the  lead  system  with  a  medical 
grade  of  silicone  adhesive,  Dow  Corning  Type  A  (Dow  Corning,  Inc.,  Midland, 
Mich.).  The  literature  indicates  that  adherence  of  the  tissue  tc  the  fabric 
is  good,  producing  a  bacteria-proof  seal;  however,  the  silicone  adhesive  tends 
to  fail,  causing  drainage  and  subsequent  infection.  The  tissue-velour  inter¬ 
face  tends  to  be  delicate  and  is  subject  to  disruption  by  mechanical  trauma 
(13).  Nevertheless,  this  method  appears  to  be  fairly  successful  .and  simple 
for  obtaining  a  percutaneous  lead  system. 

During  the  past  decade,  several  types  of  high  purity  (90-99X)  carbon  have 
been  developed  in  the  interest  of  biomedical  applications  (2,4).  This  high 
purity  carbon,  having  extremely  low  chemical  reactivity,  is  presently  being 
used  in  human  subjects  for  prosthesis,  cardiac  assist  devices,  dental  implants, 
and  percutaneous  lead  devices.  The  fact  that  high  purity  carbon  is  biologically 
inert  is  well  documented  (2-4,8,10),  and  apparently  seems  to  be  "number  one" 
candidate  for  many  of  the  percutaneous  lead  problems.  In  work  done  at  Rancho 
Los  Amigos  Hospital,  Downey,  California,  carbon  devices  have  been  implanted  in 
human  subjects  for  over  3  years.  These  patients  have  been  exposed  to  full 
daily  activities,  including  sporting  activities. 

The  mechanical  stability  of  these  devices  is  very  aood,  and  consequently 
they  do  not  need  additional  support.  The  devices  are  not  perfect,  however, 
and  are  subject  to  disruption  due  to  mechanical  stress;  but  apparently  they 
do  not  cause  a  drainage  problem  when  disrupted  (5,11). 

One  property  of  vitreous  carbon  is  very  low  resistivity — 10  '  ohm-cm  (2,8). 
Consequently,  to  use  this  Material  for  a  percutaneous  lead  system,  an  electri¬ 
cal  connector  must  be  used  in  conjunction  with  the  carbon  device  for  electrical 
insulation.  Earlier  pure  carbon  devices  were  molded  and  then  fired  (vitreous 
carbon)  to  their  final  form.  The  problem  with  vitreous  carbon  is  that  about 
40*  shrinkage  occurs  during  the  firing  process;  and  consequently,  maintaining 
accurate  dimensions  for  an  electrical  connector  feed-through  is  difficult. 

Also,  in  its  final  form,  vitreous  carbon  is  very  hard,  and  thus  difficult  to 
machine. 

Another  process  has  been  developed  whereby  high-purity  carbon  is  deposited 
(pyrolite  carbon)  on  a  substrate  base,  and  subsequently  the  dimensions  of  the 
device  are  precisely  controlled.  A  pyrolytic  carton  device  can  be  deposited 
on  a  substrate  base  having  a  feed-through  for  a  miniature  multi -pin  connector 
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(female  end).  These  pyrolite  carbon  devices  are  custom-made  for  a  selected 
connector  by  General  Atomic  Co.  CMedical  Products  Div. ,  11388  Sorrento  Valley 
Rd.,  San  Diego,  Calif.  92121)  for  approximately  $30.00  each.  General  Atomic 
has  already  produced  this  type  of  device,  using  miniature  electrical  connec¬ 
tors  with  as  many  as  200  pins.  These  percutaneous  devices  are  presently  being 
used  in  subjects  for  chronic  nerve  implants  for  external  visual  stimulus  (5). 

The  connector,  a  Cannon  NJS  series  (9-*,  24-,  or  72-pin),  can  be  obtained — 
unterminated,  or  terminated  with  individual  wires,  or  as  a  one-piece  multicon¬ 
ductor  cable — for  approximately  $30.00  each  (ITT  Cannon  Electric,  666  E.  Dyer 
Rd.,  Santa  Ana,  Calif.  92702).  The  contractor  recommends  ordering  the  con¬ 
nector  terminated  with  individual  30-gage  insulated  wires  of  a  specified  length 
Oong  enough  to  reach  from  exit  site  to  electrode  site).  In  thi3  way,  the  feed¬ 
through  connector  device  can  be  obtained  as  a  sealed,  moisture-proof  unit. 
Ordering  the  connector  in  the  9-pin  configuration  is  also  advisable,  to  allow 
a  sufficient  number  of  electrodes  for  measuring  the  ECG  or  VCG,  if  desired. 
(However,  consideration  should  be  given  to  future  experiments,  in  which  case 
the  9-pln  configuration  would  be  insufficient.) 


B .  Silver  and  Silver-Silver  Chloride  Electrodes:  When 
electrodes  come  in  contact  with  an  electrolyte,  a  voltaic  cell  is  created  at 
the  electrode-electrolyte  interface.  This  effect,  known  as  polarization,  is 
a  function  of  temperature,  of  the  concentration  of  the  electrolyte,  and  of 
the  manner  in  which  the  metal  reacts  with  the  electrolyte.  Because  the  tem¬ 
perature  and  concentration  of  the  electrolyte  are  fixed  for  this  particular 
application,  only  the  type  of  metal  and  its  reaction  to  the  electrolyte  (NaCl) 
will  be  considered. 

The  effects  of  polarization  are  usually  minimized  by  the  fact  that  this 
potential  occurs  at  each  electrode,  and  the  net  difference  between  electrones 
should  be  zero — assuming  electrodes  are  identical  in  material,  size,  and  shape, 
and  are  immersed  in  the  same  electrolyte.  In  practice,  however,  an  unstable 
residual  potential  difference  will  exist.  This  residual  is  probably  due  to 
slight  differences  in  surface  contamination  and  irregularities  in  the  metal 
electrode  (7).  If  these  potential  differences  were  stable,  they  could  simply 
be  removed  by  ac  coupling  the  ECG  signal  at  the  preamplifier.  Actually,  these 
potentials  are  not  stable,  vary  constantly  in  a  random  fashion,  and  cannot  be 
completely  filtered  out  by  the  high-pass  filter,  which  is  usually  set  at  0.05  Hz 
for  the  ECG. 

When  silver  is  used  as  the  electrode,  metallic  silver  combines  with  a 
chloride  ion  of  the  electrolyte,  releasing  an  electron  and  eroding  silver  away 
from  the  electrode.  The  polarizing  potential,  developed  at  the  silver  surface, 
is  approximately  0.8  V,  with  residual  potential  differences  of  95  mV  (18). 

The  conventional  method  of  eliminating  the  polarization  potential  in  silver 
electrodes  is  to  remove  the  electrode-electrolyte  interface  by  plating  the 
silver  with  silver  chloride,  thus  providing  a  non-polarizable  electrode.  The 
AgCl  maintains  a  high  concentration  of  ionized  Ag  and  Cl  at  the  Ag-AgCl  inter¬ 
face,  and  current  flow  at  the  AgCl-electrolyte  interface  is  maintained  by  dif¬ 
fusion  of  the  chloride  ions  (12).  Unlike  the  Ag  electrodes,  current  flow  In 
the  Ag-AgCl  electrodes  does  not  result  in  an  irreversible  electrochemical  reac¬ 
tion.  Silver  chloriding  silver  electrodes  reduces  the  residual  potential  dif¬ 
ference  to  approximately  2.5  mV. 


174 


it  '•» 


Another  advantage  of  chloriding  silver  electrodes  la  that  even  though 
the  process  raises  the  overall  electrode  impedance,  the  capacitive  effects  are 
decreased  for  the  lover  frequencies,  thus  decreasing  impedance  nonlinearities. 
There  is  an  optimum  amount  of  chloride  plating  tn  obtain  the  lowest  possible 
impedance  while  reducing  electrode  capacitance,  as  will  be  explained  later. 

Ag-AgCl  electrode  pellets  are  produced  commercially  by  combining  Ag  and 
AgCl  (about  60/40),  thus  eliminating  the  plating  process.  Howev'*-,  because  of 
the  number  of  experimental  animals  involved  and  because  the  electrodes  will  be 
chronically  implanted,  the  contractor  suggests  that  VNB  continues  to  use  the 
silver  electrodes,  but  that  they  be  plated  with  AgCl  as  follows: 

The  electrode  lead  must  be  soldered  to  the  silver  elec 
trode.  All  of  the  wire  not  used  in  making  the  connection  should 
be  covered  with  polyvinylchloride  (^VC)  insulation.  A  medical 
grade  adhesive,  Dow  Corning  Type  A  (Dow  Corning,  Tnc.,  Midland, 

Mich.),  is  used  to  seal  the  solder  connection  and  the  insulate... 

This  adhesive  will  protect  the  solder  connection  and  the  elec¬ 
trode  lead  from  electrolyte  infiltration  and  subsequent  eroding 
potentials. 

The  electrode  surface  is  then  polished  with  an  emory  doth  and  washed 
to  free  the  surface  of  contaminants.  The  electrode  is  then  placed  in  a  clean, 
nonmetallic  container  of  fresh  0.9%  NnCl  solution  and  connected  to  the  posi¬ 
tive  terminal  of  a  constant  current  source.  A  larger  bare  silver  electrode 
(approximately  1.0  in.^),  also  cleaned  as  just  described,  is  placed  at  the 
opposite  end  of  the  container.  The  lead  of  this  electrode  is  connected  to 
the  negative  end  of  the  constant  current  source.  A  milliammeter  is  placed  in 
series  with  the  electrode  to  be  plated  for  determination  of  applied  current. 

The  literature  indicates  (7)  that  the  optimum  electrode  impedance  can 
be  achieved  by  using  a  current  density  in  the  range  of  500  -  2000  mA-sec/cm^, 
and  should  be  applied  at  a  rate  greater  than  5  rnA/cm^.  Using  a  6-mm-diam, 
electrode  (A  •  0.28  cm2)  and  an  arbitrary  current  density  of  1000  mA-sec/cm^ 
at  a  rate  of  7.5  mA/cm?,  2.1  mA  of  current  should  ba  applied  between  the  elec¬ 
trodes  for  133  sec.  Each  electrode  should  be  placed  in  this  manner,  and 
fresh  NaCl  should  be  used  for  each  plating  process.  After  plating,  the  elec¬ 
trodes  should  be  handled  with  some  degree  of  care,  since  the  AgCl  surface  can 
be  removed  by  abrasion.  A  small  electrode  (3-mm-diam.,  for  example)  could  be 
used  without  degrading  the  amplitude  or  fidelity  of  the  ECG.  For  a  3-mm  elec¬ 
trode,  with  all  other  factors  remaining  constant,  0,53  mA  should  be  applied 
for  133  sec. 


>  2.6.3  Animal  Instrumentation 

Given  the  chlorided  electrodes  with  leads  find  the  percu¬ 
taneous  device  with  connector  and  leads,  the  animal  can  be  instrumented  for 
]  ECG  by  introducing  the  percutaneous  leads  subcutaneously  at  thei  exit  site  and 

bringing  them  out  at  the  electrode  site.  The  excess  lead  from  each  lead  is  then 

trimmed  off  and  dressed  for  soldering,  and  all  but  approximately  2  in.  trimmed 
off  the  electrode  lead.  A  small  p'ace  (approximately  1/2  in.)  of  polyolefin 
»  heat-shrinkage  tubing,  Alpha  F1T-300-1/6  (Alpha  Wire,  711  Lidervood  Ave., 

Elizabeth,  N.J.  07207),  is  placed  over  one  of  the  lead  wires.  The  wires  are 

» 
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then  soldered  together,  leaving  only  a  small  length  (approximately  1/8  -  3/16 
In.)  of  exposed  wire.  This  shrinkable  tubing  Is  then  slid  over  the  exposed 
wire,  and  heat  Is  applied  at  approximately  275*F  at  the  splice.  Care  should 
be  exercised  so  that  the  excessive  heat  Is  not  applied  to  the  PVC  insulation 
of  the  leads.  The  polyolefin  tubing  has  different  characteristics  from  normal 
FVC  heat-shrinkable  tubing  in  that  when  heat  Is  applied  to  polyolefin,  the 
outer  wall  shrinks,  but  the  inner  wall  melts,  thus  providing  a  moisture-proof, 
encapsulating  jacket. 

After  the  connectors  have  been  positioned  and  sutures  applied,  a  protec¬ 
tive  cap  should  be  placed  over  the  electrical  connector  to  protect  the  pins. 
This  protective  cover  should  be  kept  In  place  when  measurements  are  not  being 
made. 


2.6.4  Conclusions 


In  conclusion,  we  recommend  using  pyrolytic  carbon  percu¬ 
taneous  devices  designed  specifically  for  use  with  the  miniature  connector 
discussed  in  this  report.  We  feel  this  device  is  a  biologically  compatible 
feedrhrough  which  will  facilitate  physiologic  measurements.  Adequate  pro- 
tr  on  for  the  connector,  especially  with  the  anir,,\  unrestrained,  should 
r  ilt  in  a  maintenance-free  percutaneous  lead  sy~_em.  We  also  recommend 
t  ver  chloriding  the  silver  electrodes,  as  VNB  has  done  in  the  past  (refer 
to  section  2.6.2,  B).  The  use  of  polyolefin  tubing  to  obtain  a  waterproof 
seal  will  decrease  the  time  required  in  instrumenting  the  animal,  and  will 
allow  repeated  use  of  the  electrodes,  percutaneous  connector,  and  leads. 
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Control  Center  Data  Distribution  System  Stud\ 


The  patch  panel  system,  presently  installed  at  the  USAFSAM  human 
centrifuge  control  console,  has  several  undesirable  physical  and  electrical 
qualities.  Technology  Incorporated  was  assigned  the  task  of  locating,  evalu¬ 
ating,  and  recommending  a  suitable  replacement  for  the  patchcord  programming 
system.  In  addition  to  the  resulting  recommendation,  this  report  Includes  a 
drawing  of  a  suggested  physical  arrangement  and  a  generalized  block  diagram 
of  the  recommended  electrical  arrangement. 


2.7.1  Undesirable  Characteristics 

The  more  annoying  of  the  electrical  Inadequacies  of  the 
present  system  is  the  problem  of  poor  electrical  contact  between  the  patch 
panel  receptacles  and  the  patchcord  tips.  Poor  contact  causes  erratic  changes 


In  the  signal  levels  whenever  the  console  is  bumped  or  the  patchcords  ore  moved. 
Perturbations  of  the  signals  during  several  tests  have  been  painstakingly 
traced  to  the  patch  panel. 

The  physical  contruction  of  the  present  patch  panel  system  creates 
several  recurring  problems — one  is  the  force  required  to  Insert  or  remove 
patchcord  tips;  and  another,  the  poor  arrangement  of  the  signal  processing 
inputs  and  outputs.  The  force  required  to  patch  or  unpatch  the  tips  frequently 
results  in  broken  patchcords;  and  the  poor  arrangement  almost  always  results 
in  a  maze  of  tangled  patchcords. 


2.7.2  Recommendations 


Specification  sheets  and  other  literature  pertaining  to 
patchcord  programming  systems  were  sol .-iter  from  43  manufacturers  of  such 
systems.  The  manufacturers  were  select  those  listed  in  the  20th  edi¬ 
tion  of  the  Electronic  Engineer's  Master  .  Technical  Publications,  Inc., 

645  Stewart  Ave. ,  Carden  City,  N.Y.  11530). 

Initially,  much  consideration  was  given  to  obtaining  a  shielded  system 
identical  to  the  one  presently  installed  at  the  data  collection  center.  This 
purchase  would  have  been  an  advantage  because  spare  patchboards  are  either  on 
hand  or  available.  However,  according  to  the  manufacturer.  Amp  Inc.  (Box  3608, 
Harrisburg,  Pa.  17105),  the  data  center  system  was  obsolete.  The  production 
department  of  Amp  Inc. advised  that  a  system  (identical  to  the  one  presently 
installed  at  the  data  collection  center)  could  be  fabricated;  but  it  would 
require  "Intensive  labor,"  and  so  would  tend  to  be  cost  prohibitive. 

The  better  patchcord  programming  systems  available  are  of  the  shielded 
typ">  with  all  contact  surfaces  gold  plated;  and  such  systems  yield  a  good 
signal-to-noise  ratio  with  little  crosstalk.  These  are  the  qualities  required 
for  best  results  in  signal  processing  at  the  centrifuge  console. 

After  the  available  literature  on  several  systems  from  various  manufac¬ 
turers  had  beta,  studied,  the  patchcord  programming  system  recommended  was  the 
960  system  manufactured  by  Amp  Inc.  The  960  system  is  of  the  preprogrammable, 
removable  type,  and  has  the  format  of  3C  holes  vertical  by  32  holes  horizontal. 
The  external  dimensions  of  the  patchcord  (including  the  frame)  are  16-13/64  in. 
high  by  14-47/64  in.  wide  (41.2  cm  high  X  37.4  cm  wide).  The  front  of  the  960 
system  patchboard  extends  2-1/4  in.  (5.7  cm)  forward  from  the  panel  on  which 
it  1 8  mounted.  Dividing  the  patch  panel  into  its  various  system  Inputs  and 
outputs  sections,  by  contrasting  color  patterns,  tends  to  increase  the  speed 
and  ease  of  reprogramming  for  various  tasks.  Amp  Inc.  can  silk-screen  the 
patchboard  excording  to  any  convenient  pattern  furnished  by  the  buyer  of  the 
system  at  additional  cost.  Technology  Inc.  recommends  that  several  patchboards 
be  purchased  so  that  they  can  be  preprogrammed  for  each  test  protocol.  Then 
repatching  between  tests  and  experiments  wo  Id  consist  of  simply  removing  one 
patchboard  and  replacing  it  with  the  proper  one.  This  approach  would  insure 
standardization  of  the  patching  procedures  and  also  save  time. 

A  suitable  enclosure  for  mounting  the  system  is  manufactured  by  the 
Premier  Metal  Products  Company  (Div.  of  Sunshine  Mining  Co.,  381  Canal  Place, 
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Bronx,  N.Y.  10451).  The  stock  number  is  TIC  21-19-13;  and  the  dimensions  are 
21  in.  high  by  19  in.  wide  by  13  in.  panel-to-panel  depth  (53.3  cm  X  48.3  cm 
X  3.3  cm). 

The  new  patch-panel  system  should  be  located  in  approximately  the  same 
position  as  the  presently  installed  patch  panel.  The  rear  frame  of  the  patch 
panel  should  be  physically  located  in  the  enclosure,  such  that  easy  access  for 
troubleshooting  and/or  wiring  is  afforded. 

The  physical  arrangement  of  the  inputs  and  outputs  of  the  various  data 
systems  (Fig.  120)  is  the  composite  of  the  better  features  of  several  arrange¬ 
ments  studied  for  this  report.  Figure  121  is  a  block  diagram  of  the  proposed 
centrifuge  data  distribution  system.  Special  consideration  was  given  to 
arranging  the  inputs  and  outputs  of  the  various  systems  to  be  programmed  by 
the  patch  panel.  The  inputs  and  outputs  that  are  more  frequently  patched  into 
each  other  are  placed  either  adjacent  to  each  other,  or  as  close  as  physically 
feasible. 

The  16  BNC  connectors,  that  in  the  present  system  provide  access  to  sys¬ 
tems  external  to  the  patch  panel,  are  very  useful;  and  this  arrangement  should 
be  retained  in  the  new  system.  An  additional  recommendation  is  that  several 
MS-type  connectors  be  placed  at  the  convenient  locations,  either  on  the  console 
or  the  patchboard  system  enclosure,  and  wired  to  the  available  patch  panel  con¬ 
tacts.  This  arrangement  would  allow  flexibility  in  patching  external  systems, 
such  as  tracking  tasks  to  the  centrifuge.  Several  nonpolarized  capacitors 
should  be  wired  between  ground  and  convenient  patchboard  contacts  to  provide 
ac  bypass  to  ground  and/or  glitch  filtering,  as  required. 

An  arrangement  for  monitoring  the  outputs  of  the  sig  lal  conditioners 
should  be  provided.  It  should  be  able  to  switch  select  all  16  preamplifiers. 
Instead  of  just  12,  as  in  the  current  system. 

Patchable  access  to  permanently  installed  digital  multimeters  (DMM's) 
would  be  very  useful  for  monitoring  signal  levels,  determining  resistances,  or 
checking  the  continuity  of  signal  pairs. 

The  signals  from  the  accelerometers  are  usually  patched  into  channel  1  of 
the  data  recording  systems,  and  this  arrangement  should  also  be  kept  in  the  new 
system.  Hard  wiring  into  channel  1  is  not  recommended.  Because  the  patchboards 
are  pre-programmable  and  quickly  changeable,  the  selector  switch  (presently  used 
to  select  either  the  gondola  accelerometer  or  the  animal  end  accelerometer)  is 
not  necessary. 

One  final  consideration  that  may  be  of  some  future  value  is  the  utilization 
of  a  few  spare,  or  seldom  used,  signal  pairs  for  an  instrumentation  ground. 

These  signal  pairs  would  be  useful  for  patching  through  a  ground  to  the  signal 
patch  panels  on  the  centrifuge  to  provide  an  instrumentation  ground  separate 
from  the  power  ground. 

2.8  Closed-Loop  Centrifuge  Control  Study 
2.8.1  Object ive 

The  purpose  of  this  study  was  to  perform  circuit  analysis, 
circuit  design,  and  troubleshooting  on  an  Air  Force  developed  electronic  method 
for  closed-loop  control  of  the  human  centrifuge. 


2.8.2  Normal  Centrifuge  Operation  (Figs.  122  -  125) 


Pressurized  hydraulic  fluid  for  the  drive  system  is  supplied 
by  5  variable  volume  pumps  which  are  driven  by  4  electric  motors.  The  pressur¬ 
ized  hydraulic  fluid  turns  the  8  fluid  motors,  which,  in  turn,  drives  the  rotor 
arm  through  gear  trains.  The  motor  speed,  which  is  proportional  to  fluid  flow 
through  the  motors,  is  adjusted  by  means  of  a  servo  control,  which  varies  the 
output  volume  of  the  pumps.  The  motor  inlet  pressure  is  controlled  by  the 
onset  pressure  control,  A207  (Fig.  122),  which  determines  the  pressure  (between 
0  psi  and  5000  psi)  at  which  the  onset  relief  valves  (RV-3  through  RV-7,  in 
Fig.  125),  vent  the  pump  output  to  the  main  reservoir.  As  shown  in  Figure  125, 
when  the  4-way  valves  (DCV-  1  through  DCV-5)  are  in  the  spring  offset  position 
(solenoids  L-7,  L-8,  L-403,  L-404,  L-405,  not  energized),  this  pressure  is 
reservoir  pressure.  When  these  solenoids  are  energized  by  the  pressure  com¬ 
mand,  the  pilot  pressure  to  the  onset  relief  valves  is  determined  by  the 
setting  of  the  electrically  operated  relief  valve,  B-402  (Fig.  125).  B-402  is 

adjustable  between  0  psi  and  5000  psi  by  the  onset  pressure  control,  A-207. 

Deceleration  of  the  rotor  arm  is  accomplished  by  depressurizing  the 
hydraulic  motor  inlets  and  restricting  the  motor  outlets  so  that  the  motors, 
as  they  are  driven  by  the  moving  rotor  arm,  pump  the  fluid  against  a  back 
pressure,  thus  resulting  in  a  braking  torque.  This  motor  outlet  pressure  is 
controlled  by  brake  pressure  control  signals,  which  determine  the  pressure 
at  which  the  brake  relief  valves  will  vent  hydraulic  fluid  to  the  main 
reservior. 

Specifically,  the  hydraulic  fluid  flows  from  the  outlet  ports  of  fluid 
motors  MF-1  through  MF-8  (Fig.  124)  through  the  return  manifold,  through  the 
three  braking  relief  valves  (RV-8,  RV-9,  and  RV-10) ,  which  are  designed  to 
relieve  at  their  spring  setting  (5000  psi)  or  at  their  pilot  pressure  (0  to 
5000  psi),  whichever  is  lower.  When  4-way  valve  DCV-7  is  in  its  spring-offset 
position,  it  blocks  the  flow  of  oilot  fluid  through  the  three  braking  relief 
valves.  When  DCV-7  is  activated  (first  ready  status)  by  L-401,  pilot  pressure 
flows  from  the  three  braking  relief  valves,  through  the  three  check  valves 
(CV-22,  CV-23,  and  CV-24),  through  DCV-7  itself,  to  electrically  adjustable 
relief  valve  B-401.  B-401  is  adjustable  between  0  psi  and  5000  psi  by  deceler¬ 

ation  pressure  control  A-206  (Fig.  122)  on  the  console.  The  closure  of 
K-322  (first  ready)  contacts  energizes  relays  K-308,  K-226,  K-309,  and  onset 
pressure  control  A-207.  Relay  K-226  is  energized  through  K-4  contacts  (which 
remain  closed  until  final  ready  status),  thereby  energizing  deceleration  pres¬ 
sure  control  A-206  and  preventing  pressurization  of  the  main  hydraulic  pumps. 

The  momentary  closure  of  pressure  switch  S-212  (Fig.  123)  energizes  and 
locks  K-323,  the  contacts  of  which  energize  the  solenoids  (L-7,  L-8,  L-403, 
L-404,  and  L-405)  of  the  pump  vent  valves  DCV-1  through  DCV-5.  These  valves 
allow  onset  pressure  control  A207  to  control  relief  valves  RV-3  throug  RV-7 
which,  in  turn,  control  pump  outlet. 

Momentary  closure  of  hydraulic  brake  switch  S-208  energizes  K-226  and 
opens  the  normally  closed  contacts  K-226  which,  in  turn,  causes  K-323  to  be 
deenergized  and  depressurizes  the  system.  During  the  time  of  S-208  closure, 
the  deceleration  pressure  control  A-206  is  energized  and  hydraulic  braking 
is  available. 
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2.8.3  Closed-Loop  Control  System  Developed  by  the  Air  force 

The  closed-loop  control  system,  developed  by  the  Air  Force, 
utilizes  a  control  stick  command  voltage  and  feedback  voltage  from  an  acceler¬ 
ometer  (Fig.  126).  The  design  Intent  was  that,  when  these  two  signals  were  in 
equilibrium,  the  gondola  would  reach  a  G-level  proportional  to  the  control 
stick  position. 

The  closed-loop  control  circuit,  which  takes  the  place  of  the  onset  pres¬ 
sure  control  A-207  and  k.e  deceleration  pressure  control  A-206,  has  two  outputs. 
When  the  control  stick  voltage  (Vr)  is  greater  than  the  accelerometer  feedback 
voltage  (Va) ,  voltage  is  applied  to  the  onset  relief  valve  3-402.  When  Vr  is 
less  than  Va,  voltage  is  applied  to  uhe  brake  pressure  valve  B-401.  Also, 
when  the  closed-loop  control  system  was  tested,  hydraulic  brake  switch  S-208 
(console)  and  the  pressurize  switch  S-212  (console)  were  each  shorted  to  the 
closed  position  at  all  times,  and  the  normally  closed  contacts  of  K-226  were 
externally  shorted.  These  are  the  contacts  that  open  and  break  the  pressuriza¬ 
tion  circuit  when  the  hydraulic  brake  switch  is  momentarily  closed.  In  other 
words,  with  the  control  circuit  wired  in  this  configuration,  the  hydraulic 
system  cannot  be  depressurized  when  the  hydraulic  brake  is  applied  (Vr  <  Va) . 

The  centrifuge  has  many  electrical  and  hydraulic  interlocks,  many  of 
which  were  designed  for  subject  safety,  and  several  of  which  were  designed 
to  prevent  damage  to  the  hydraulic  system  itself.  For  example,  the  contacts 
of  K-4,  which  energize  the  deceleration  pressure  control  for  hydraulic  braking 
and  prevent  the  system  from  being  pressurized,  are  normally  closed  until  first 
ready  status  Under  the  test  configuration  just  discussed,  the  interlocking 
safety  features  of  K-4,  S-208,  and  K-226  are  circumvented.  The  contractor  feels 
that  these  interlocks  should  not  be  bypassed  and  that  the  hydraulic  system 
should  be  depressurized  before  applying  the  hydraulic  brake.  Operation  of  the 
centrifuge  without  these  designed  safety  interlocks  could  cause  cat.astzophic 
damage  to  the  hydraulic  system. 

2.8.4  Design  Modifications 

The  contractor  feels  that  the  electronic  circuit  of  the 
control  system  developed  by  the  Air  Force  is  a  workable  design  that,  with  cer¬ 
tain  modifications,  can  be  used  in  the  closed-loop  control  system.  These  modi¬ 
fications  must  provide  three  modes  of  operation — pressurization  and  onset 
pressure  control,  depressurization,  and  hydraulic  brake  control — which  possibly 
could  be  accomplished  by  comparing  the  control  voltage  (Vr)  with  the  accelerom¬ 
eter  voltage  (Va) .  When  Vr  _>  Va,  the  pressure  switch  S-212  would  close  and  the 
gondola  would  accelerate  until  Vr  =  Va.  The  pcsition  of  the  control  stick  would 
represent  a  certain  G  level.  When  Vr  <  Va,  by  some  small  fixed  difference, 

S-211  would  be  opened  and  the  system  depressurized.  This  small  voltage  difference 
would  allow  for  minor  adjustments  in  G  level  by  pressurizing  and  depressurizing 
the  system,  without  applying  hydraulic  braking.  When  Vr  <<  Va  by  some  larger  but 
fixed  difference,  the  system  would  be  depressurized  and  hydraulic  braking  applied 
in  proportion  to  the  difference  between  Vr  and  Va.  The  contractor  feels  that  all 
three  modes  (pressurization,  depressurization,  and  hydraulic  braking)  are  neces¬ 
sary  for  operating  the  gondola  on  an  SACM  profile. 

In  addition  to  having  control  over  the  gondola  via  the  emergency  kill,  the 
pilot  controls  (already  described)  should  also  be  designed  for  manual  over-ride 
at  the  console. 


183 


Figure  122.  Electrical  rotor  arm  drive  subsystem  (Part  I). 

[TO  43D8- 7-2-2,  AFLC/Hill  AFB,  Ogden,  Utah] 


Figure  123.  Electrical  rotor  arm  drive  subsystem  (Part  II). 

[TO  43D8-7-2-2,  AFLC/Hill  AFB,  Ogden,  Utah] 


Figure  124.  Hydraulic  rotor  arm  drive  subsystem  (Part  I). 

[TO  43D8-7-2-2,  AFLC/Hill  AFB,  Ogden,  Utah] 
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Additional  design  modifications  in  the  Air  Force  developed  system  should 
blso  include  hysteresis  and  temperature  compensation  of  the  electrolytic  valves 
(B-401  and  B-402)  employed  in  the  A-206  and  A-207  control  circuitry.  These 
changes  are  not  essential  in  the  initial  design  stages,  and  could  easily  be 
Incorporated  after  the  design  concept  has  been  proven. 

In  conclusion,  we  recommend  making  the  following  design  changes  on  the 
closed-loop  control  system  developed  by  the  Air  Force: 

(1)  pressurization  and  onset  pressure  control  with  control  stick  volt¬ 

age  Vr  greater  than  accelerometer  voltage  Va; 

(2)  depressurization  and  subsequent  deceleration  with  control  stick 

voltage  Vr  slightly  less  than  accelerometer  voltage  Va; 

(3)  hydraulic  braking  proportional  to  the  difference  between  Vr  and  Va 

for  large  |Vr  -  Va|;  and 

(4)  hysteresis  and  temperature  compensation  for  control  valves  B-401 

and  B-402. 


2.9  Medilog  Recorder  G-sensltivity  Tests 


2.9.1  Introduction 


The  Medilog  recorder  is  a  miniature  4-channel  tape  recorder 
designed  specifically  for  monitoring  of  ambulatory  subjects.  Data  is  recorded 
on  a  2-hr  or  24-hr  recorder,  and  is  recovered  from  the  Oxford  reproduce  unit  at 
a  rate  of  60  times  real-time  of  the  recorded  tape. 

The  purpose  of  these  tests  was  to  determine  the  sensitivity  of  the  Medi¬ 
log  4-24  tape  recorder  to  various  levels  of  G  forces  on  the  three  orthogonal 
axes.  The  recorder  selected  for  these  tests  was  a  24-hr  recorder  (S/N  06481) 
with  the  following  preamplifier  configuration:  channel  1 — EG2  (ECG) ;  channel  2 — 
AM3  (acceleration);  channel  3 — AM3  (G-suit  pressure);  and  channel  4 — AT2  (tem¬ 
perature)  . 


2.9.2  Test  Protocol  and  Configurations 

A.  Time  base  expansion  test:  Since  the  recorded  data 
cannot  be  recovered  from  the  recorder  on  a  real-time  basis,  and  the  fact  that 
the  record  unit  has  an  upper  frequency  response  limitation  (100  Hz  on  the  EG2 , 
and  4  Hz  on  the  AM3)  precluded  the  use  of  tJbae  code  recording  and  the  corre¬ 
lation  of  real-time  events  with  recorded  test  data — all  events  during  the 
centrifuge  runs  were  correlated  to  recorded  G  levels  (channel  3).  Also,  the 
60  times  real-time  reproduction  speed  necessitated  using  a  second  instrumenta¬ 
tion  recorder  to  obtain  a  32:1  expansion  of  all  test  data. 

The  test  configuration  for  the  time  base  expansion  is  shown  In  Figure  127. 
Signal  amplitudes  and  frequencies  were  selected  to  be  compatible  with  actual 
recorded  data  for  channels  1  and  2  (ECG  and  pressure  respectively).  Amplitudes 
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Figure  127.  Tire  base  expansion  test  configuration. 


and  frequencies  for  channels  3  and  4  were  selected  as  a  matter  of  convenience. 
Test  signals  were  recorded  at  a  speed  of  60  ips  and  were  reproduced  at  1-7/6 
ips  for  a  time  base  expansion  of  32:1.  All  test  signal  frequencies  and  ampli¬ 
tudes  were  monitored  with  a  Systron  Donner  6152  A  counter  and  a  Tektronix  564 
oscilloscope  during  both  record  and  reproduce  modes, 

B.  Medilog  recorder  and  reproducer  tests:  This  experiment 
was  designed  to  test  the  Medilog  for  fidelity  of  record  and  reproduction  of  sig 
nals  while  being  exposed  to  various  levels  of  G  forces. 

The  recorder  axis  orientation  is  shown  in  Figure  128,  and  the  test  con¬ 
figuration  in  Figure  129.  The  10  Hz  sine  wave  was  selected  for  channel  1; 
for  this  sine  wave  was  well  within  the  bandpass  of  the  EG2  amplifier,  and  the 
reproduced  signal  (10  X  60/32  -  18.75)  was  fast  enough  to  be  counted  on  the 
frequency  counter  but  slow  enough  to  copy  on  the  Brush  recorder.  The  0.1  Hz 
triangular  signal  was  selected  because  it  was  within  the  bandpass  of  the  AM3 
recorder  and  would  allow  an  easy  method  for  testing  amplitude  variation  in  the 
Medilog  recorder.  The  signals  for  channels  1  and  3  were  differential  inputs, 
with  the  tape  recorder  common  used  as  the  reference  ground.  These  signals 
were  sent  through  the  instrumentation  slip  rings,  but  were  monitored  in  the 
gondola  at  the  recorder  input — before  and  after  the  centrifuge  runs — with  a 
Tektronix  564  scope.  The  input  signal  frequency  for  channel  1  was  monitored 
at  the  console  with  a  Systron  Donner  6152A  counter. 
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TABLE  25.  ORDER  OF  AXIS  TESTING  AND  TEST  SIGNALS 


AXIS 

CHANNEL  1 

CHANNEL  2 

CHANNEL  3 

CHANNEL  4 

(10  Hz) 

(0.1  Hz) 

+2 

1  mV  p*p 

1-10  G 

8  mV  p-p 

37°C 

-Z 

11 

n 

11 

4Q°C 

+X 

11 

it 

1* 

33®C 

-X 

11 

ti 

It 

34  °C 

+Y 

11 

it 

11 

27  *C 

-Y 

11 

it 

11 

30°C 

The  Medilog  recorder  was  exposed  to  1  min  of  acceleration,  from  2  to  10  G 
and  back  to  2  G,  in  2-G  increments  (Table  25) .  The  recorded  test  tape  was 
then  reproduced  from  the  Oxford  reproduce  unit  at  60  times  real  time  and  re¬ 
recorded  on  the  Ampex  FR130Q  at  60  ips.  This  test  setup  is  shown  in  Figure  130, 
and  the  teat  conditions  are  described  in  Table  26,  The  6152A  counter  time 
base  was  set  on  10-sec  count  to  provide  at  least  3  frequency  counts  at  each 
G  level.  The  digital  multimeter  was  used  to  indicate  different  G  levels  and 
to  insure  that  frequency  counts  were  not  taken  between  different  0  levels. 


2.5.3  Test  Results 


A.  Time  base  expansion:  Test  results  from  the  time  base 
expansion  test  (Fig.  127)  are  shown  in  Table  27.  The  actual  measurement  of 
the  600  Hz  signal,  reduced  by  32,  should  be  18.75  Hz;  however,  the  resolution 
of  the  counter  is  only  provided  for  0.1  Hz,  so  percent  error  is  not  shown  for 
this  frequency.  The  6  Hz  signal  for  channels  2  and  3  should  be  0.1875  Hz. 
This  frequency  was  determined  by  strip-chart  measurement  and  chart  speed. 

The  amplitude  of  all  signals  was  approximately  1.05  V  peak-to-peak,  and  did 
not  vary  significantly  throughout  the  test.  The  absolute  amplitude  of  each 
signal  was  not  considered  important  for  this  test,  and  only  the  variations  in 
the  frequency  during  the  test  were  considered.  This  test  indicates  chat  no 
appreciable  frequency  or  amplitude  error  would  be  introduced  into  the  Medilog 
recorder  test  by  using  a  32:1  time  base  expansion. 


B.  Medilog  recorder-reproducer:  The  recorded  data  tape 
was  reproduced  and  re-recorded  using  the  test  configuration  of  Figure  130. 

The  mean  frequency  count  for  the  G  level  in  each  axis  is  shewn  in  Table  28. 
The  standard  deviation  of  frequency  for  any  G  level  was  less  than  0.1  Hz,  and 
was  usually  less  than  0.06  Hz. 


Ampex  FR1300 


Figure  130.  Oxford  reproduce  and  re— record  test  configuration. 


TABLE  26.  OXFORD  REPRODUCE  TEST  SETUP 


CHANNEL 

AMPLIFIER, 

GAIN 

FILTER 

1 

PD-2 

MAX 

MIN  (Both 

filters) 

2 

PM- 3 

MAX 

5  (MAX) 

3 

PH-3 

MAX 

0  (MIN) 

4 

PM- 3 

MAX 

5  (MAX) 
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TABLE  27.  TIME  BASE  EXPANSION  ACCURACY 


CHANNEL 

FREQUENCY 

Input 

(.His) 

Output 

PERCENT 

ERROR 

1 

600 

18.7 

— 

2 

6 

0.188 

0.27 

3 

6 

0.188 

0.27 

A 

600 

18.7 

— 

TABLE  28.  REPRODUCED  FREQUENCY  (MEAN) 


G 

+z 

-Z 

+x 

-X 

+Y 

-Y 

1 

16.93 

16.60 

16.60 

16.60 

16.64 

16.60 

2 

17.04 

16.68 

16.54 

16.60 

16.70 

16.63 

4 

18.19 

16.73 

16.64 

16.75 

16.80 

16.80 

6 

18.43 

16.80 

16.75 

16.83 

16.90 

17.03 

8 

18.48 

16.95 

16.85 

16.90 

17.02 

18.50 

10 

18.52 

17.05 

16.92 

17.00 

17.08 

18.53 

8 

18.50 

16.95 

16.82 

16.88 

16.93 

18.47 

6 

18.48 

16.87 

16.70 

16.80 

16.85 

18.43 

4 

18.45 

16.78 

16.60 

16.73 

16.87 

18.45 

2 

18.45 

16.65 

16.56 

16.63 

16.63 

18.47 

1 

13.47 

16.57 

16.57 

16.68 

16.56 

18.43 
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TABLE  29.  PERCENT  ERROR  IN  FREQUENCY  REPRODUCTION 
aT  1-G  START  OF  RUN 


AXIS 

PERCENT  ERROR 

+Z 

-9.71 

-Z 

-11.47 

+X 

-11.47 

-X 

-11.47 

+Y 

-11.25 

-Y 

-11.47 

TABLE  30.  PERCENT  ERROR  CHANNEL  1  REPRODUCE  NORMALIZED  TO 
1-G  START  OF  RUN 


G 

+Z 

-Z 

+X 

-X 

+Y 

-Y 

1 

0 

0 

0 

0 

0 

0 

2 

0.65 

0.45 

-0.36 

0 

0.36 

0.18 

4 

7.35 

0.75 

0.24 

0.90 

0.96 

1.20 

6 

8.83 

1.20 

0.90 

1.36 

1.56 

2.59 

8 

9.13 

2.11 

1.51 

1.81 

2.28 

11.45 

10 

9.39 

2.71 

1.93 

2.41 

2.64 

11.60 

8 

9.27 

2.11 

1.33 

1.69 

1.74 

11.27 

6 

9.13 

1.66 

0.60 

1.20 

1.26 

11.02 

4 

8.98 

1.06 

0 

0.75 

0.84 

11.14 

2 

8.98 

0.30 

-0.24 

0.18 

-0.06 

11.27 

1 

9.07 

-0.18 

-0.18 

0.45 

-0.48 

11.02 

i 

i 
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The  1-G  level  (start  of  the  run)  shows  that  the  reproduced  frequency 
was  lower  than  the  expected  18.75  Hz.  This  systematic  error  Indicates  that 
the  recorder-reproducer  combination  of  speed  is  different  from  the  specified 
value.  Specifically,  the  record  speed  is  too  fast  and/or  the  reproduce  speed 
is  too  slow.  This  error  in  reproduction  (shown  in  Table  29)  is  normalized  to 
18.75  Hz,  and  indicates  an  error  in  frequency  reproduction  of  approximately 
-11%.  Consequently,  if  the  recorded  ECG  is  used  to  derive  heart-rate  infor¬ 
mation,  the  same  -11%  error  can  be  expected. 

To  separate  this  sytematic  tape  recorder  error  from  the  G-induced  error, 
each  axis  run  was  normalized  to  the  1-G  frequency  output  at  the  start  of  the 
run.  This  error  (shown  in  Table  30)  indicates  that  an  error  in  frequency 
reproduction  for  all  axes  reaches  a  maximum  at  the  10-G  level.  The  error  for 
-Z,  X,  -X,  and  Y  is  only  slight  (a  maximum  of  2.7%  for  -Z  with  little  hysteresis) 
compared  to  that  for  Z  and  -Y.  The  Z  and  -Y  axes  show  considerable  error 
(9«39%  and  11.6%,  respectively)  and  a  considerable  amount  of  hysteresis.  From 
the  axis  orientation  (Fig.  128),  nothing  indicates  a  Z,  -Y  G  relationship  which 
would  affect  record  speed.  It  should  be  pointed  out  that  the  Z-axis  run  was 
conducted  on  one  day,  and  the  remainder  of  the  axes  were  tested  on  consecutive 
runs  of  the  next  day. 


Interestingly,  the  G-induced  error  is  the  opposite  direction  of  the 
systematic  system  error.  Since  we  have  no  reason  to  suspect  a  change  in 
reproduce  speeds  due  to  G  levels  (other  than  possible  random  changes),  this 
finding  indicates  the  record  speed  in  all  axes  is  reduced  as  a  result  of  G 
forces.  This  conclusion  accounts  for  the  almost  linear  change  (minus  a  small 
hysteresis)  in  tape  speed  with  respect  to  G  for  the  -Z,  X,  -X,  and  Y  axes, 
but  does  not  explain  the  large  error  and  hysteresis  observed  in  the  Z  and  -Y 
axes.  The  only  explanation  for  these  deviations  is  the  possibility  of  random 
variations  in  tape  recorder  speed.  Since  the  tape  recorder  has  a  phase- 
locked  loop  speed  control,  speed  variations  should  not  occur  in  the  recorder. 
We  should  also  point  out  that,  before  the  test,  the  record  head  and  guides 
were  cleaned  and  a  fresh  set  of  batteries  were  installed  in  the  recorder. 


Test  signal  amplitudes  were  also  observed  for  variations  due  to  G  forces. 
The  contractor  feels  that  the  amplitude  variations  in  the  test  signals,  due  to 
G,  were  inconsequential.  In  fact,  amplitude  variations  in  the  AM3  (channel  3) 
were  virtually  nonexistent,  and  only  minor  variations  were  observed  in  the  EG2 
(channel  1).  One  problem  did  occur  in  the  initial  tests  with  regard  to  ampli¬ 
tude  variations— which  appeared  large  (30%  -  40%),  with  occasional  dropout  at 
1  G.  Although  a  bad  cassette  proved  to  be  the  cause,  the  possible  problem 
area  is  one  of  which  VNB  should  be  aware.  The  contractor  suggests  that  each 
cassette  be  tested  briefly  before  being  used  in  the  field.  This  test  could 
be  mnde  by  simply  recording  and  reproducing  the  calibration  signals  before 
each  subject  is  instrumented. 


2.9.4  Conclusions 


The  large  systematic  errors  observed  in  the  system  can 
probably  be  isolated  to  the  recorder  or  reproduce  units.  Since  VNB  has  two 
24-hr  recorders  and  one  2-hr  recorder,  a  common  signal  should  be  recorded 
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on  a  8 ingle  channel  of  each  recorder  simultaneously.  The  signal  should  be  moni¬ 
tored  with  a  frequency  counter  during  recording  and  reproducing.  Using  the  three 
recorded  tapes,  and  the  two  reproduce  speeds,  a  process  of  elimination  could 
indicate  recorder,  reproducer,  or  a  combinational  error  of  the  two.  Por  example, 
if  the  two  24-hr  tapes  are  reproduced  at  the  same  but  lower  than  expected  fre¬ 
quency,  the  reproduce  speed  should  be  adjusted  for  the  desired  frequency  output. 
If,  however,  the  two  24-hr  tapes  are  different  in  response,  with  only  one 
reproducing  as  expected,  we  would  suspect  that  the  record  speed  of  the  second 

recorder  needed  adjustment.  This  suspicion  should  be  confirmed  by  checking 

the  accuracy  of  the  2— hr  recorder  before  any  adjustments  are  made.  By  using 

this  process,  a  logic  table  could  be  used  in  isolating  the  recorder(s)  and/or 

the  reproduce  unit,  which  are  operating  at  the  incorrect  speed.  Continued 
investigation  into  the  speed  (frequency)  error  of  the  Medilog  recorder  system 
is  beyond  the  scope  of  this  effort. 


ABBREVIATIONS,  ACRONYMS.  AND  SYMBOLS 


ac 

ACM 

Ag 

Ag-AgCl 

AgCl 

AGS 

AGV 

AWG 

BRP 

BNC 

CAL 

CR 

dc 

dG/dt 

DMM 

dP/dG 

ECO 

FAIL 

JVALVPGM 

GVALPROC 

Gz 

Hz 

lps 

m 

oA 


alternating  current 
Aerial  Combat  Maneuver 
silver 

silver-silver  chloride 
silver  chloride 
anti-G  suit 
ant.i-G  valve 
American  Wire  Gage 

Data  Processing  Branch,  Data  Sciences  Division,  USAFSAM 

Bayonet  "N"  Type  Connector 

calibration 

center  of  rotation 

direct  current 

rate  of  change  of  acceleration  with  respect  to  time 
digital  multimeter 

rate  of  change  of  pressure  with  respect  to  acceleration 

el ec  trocard iogram 

failures 

a  specialized  FORTRAN  IV  and  IBM  Assembly  computer  program  for  the 
analysis  of  anti-G  valve  data  recorded  in  accordance  with  the  SVTP 

an  IBM  procedure,  written  in  IBM  JCL,  which  utilizes  analog-to- 
digital  tapes 

acceleration  along  the  Z  axis  (head  to  foot)  [also:  G(Z)1 
Hertz  (cycles  per  second) 
inches  per  second 
meter 

milliampere 
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MS 

mV 

NAILSC 
OP  TIME 
OTH/MAL 
PET 
P  -  P 
*s 

psig 

PTAP 

PVC 

RPM 

RPV 

SACM 

SAM 

SVTP 

V 

Va 

VCG 

VDC 

VNB 

Vr 

WRT 


Military  Standard  (when  used  as  a  prefix  for  an  electrical  connector) 
millivolt 

Naval  Aviation  Integrated  Logistics  Support  Center 

operating  time  (flight  hours) 

other  malfunctions 

Performance  Evaluation  Table 

peak-to-peak 

source  pressure 

pounds  per  square  inch  gage 

Procedural  Tests  for  Anti-G  Protective  Devices 
polyvinylchloride 

ready  pressure  anti-G  valve  mannequin 

ready  pressure  valve 

Simulated  Aerial  Combat  Maneuver 

School  of  Aerospace  Medicine  (Brooks  AFE,  Tex.) 

Standardized  Anti-G  Valve  Test  Protocol 
volt 

accelerometer  voltage 
vector  cardiogram 
volts  (direct  current) 

Biodynamics  Branch,  Crew  Technology  Division,  USAFSAM 
control  voltage 
with  respect  to 
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[How  to  order  Appendix  A 


RE:  The  USAF  School  of  Aerospace  Medicine's  Technical  Report  Series 
on  Procedural  Tests  for  Anti-G  Protective  Devices— 

Volume  I  (SAM-TR-79-30),  and  Volume  II  (SAM-TR-79-31) . 


APPENDIX  A: 

In  order  for  comprehensive  information  on  this  research 
to  be  readily  accessible,  microfiche  have  been  made  of 
this  Appendix.  The  microfiche  are  available  through: 


The  Strughold  Aeromedlcal  Library 
Documentation  Section  (USAFSAM/TSK) 
USAF  School  of  Aerospace  Medicine 
Brooks  AFB,  Texas  78235 
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